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Thesis Structure. 
Chapter 1 provides an introduction of the current state of research into the cardiovascular 
effects of orthostatic stress, firmly establishing the need for further investigation into ways to 
improve the cardiovascular responses to gravitational force. 
Following on from this Chapter 2 outlines the experimental techniques used in the studies 
outlined in this thesis, describing the reliability and validity of these techniques as well as the 
mechanism of operation.  
Chapter 3 outlines a study investigating acute cardiovascular adaptation to ten consecutive 
+75° head-up tilts. Chapter 4 describes a study which utilised the ten consecutive +75° head-
up tilts (as outlined in Chapter 3) as a training tool to determine if this protocol could improve 
the cardiovascular responses to a different orthostatic stress, in the form of a squat-stand test. 
Chapter 5 describes a preliminary study that investigated the effect of heavy resistance 
exercise performed both unilaterally and bilaterally on blood pressure and heart rate during 
exercise and Chapter 6 details an experiment that investigated the effect of unilateral and 
bilateral resistance training on the cardiovascular responses to orthostatic stress. 
This will be followed by Chapter 7 which will outline the important findings of this thesis and 
outline future work which stems from the results of these studies. 
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Summary 
This thesis comprises of four experiments from which related but independent analyses were 
undertaken. The interventions employed were designed to investigate the effect of 
cardiovascular adaptation, both in the short and long term on the cardiovascular responses to 
orthostatic stress. 
The first study, described in Chapter 3, tested the hypothesis that the cardiovascular system 
(CVS) could adapt to repeated orthostatic challenges in a single session. 14 subjects were 
exposed to ten +75° head-up tilts (HUT) over 70 mins. Each tilt involved a 5 min supine 
period (SUPINE) followed by 2 min HUT (TILT). Various indices of cardiovascular function 
were determined non-invasively. Cardiovascular responses to HUT10 for the final 30s of 
SUPINE and the first 30s of TILT were compared with those of HUT1. Integrated cardiac 
baroreflex sensitivity (BRS) was assessed using the Valsalva Manoeuvre (VM). Results 
showed MAP and DBP increased in both SUPINE (MAP p=0.009, DBP p=0.002) and TILT 
(MAP p=0.003, DBP p=0.009) for HUT10 compared with HUT1. TPR increased during 
TILT only (p=0.001) during HUT10 compared with HUT1. CO and SV were decreased 
during SUPINE at HUT10 relative to HUT1, however, there were no differences in TILT at 
HUT10 for either CO or SV. There was no change in the response of BRS, HR or SBP from 
HUT1 to HUT10. This study indicated that 10 repetitive HUTs can elicit changes in the 
cardiovascular responses to orthostasis, reflected by an increased TPR. 
The second study, described in Chapter 4, investigated the effect of the repeated HUT 
protocol outlined above on the cardiovascular responses to the squat-stand test (SST). 16 
subjects were randomly allocated into either a tilting group that underwent ten +75° HUTs in 
70 min (TILTING) or a control group that underwent 70 min of rest (CONTROL). Before and 
after the 70 min of either HUT or rest, subjects performed a SST (SST1 and SST2 
respectively). The same cardiovascular parameters as those used in Chapter 3 were 
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determined during both SSTs. The final 30s of SQUAT and the first 30s of STAND (divided 
into three 10-sec blocks termed STAND10, STAND20 and STAND30) were compared 
between SST1 and SST2, results were as follows. TILTING: during the SQUAT phase of 
SST2, SBP, MAP, DBP and TPR were significantly elevated (p<0.05) and HR was 
significantly decreased (p=0.032) compared with SST1; at STAND10, DBP and MAP were 
significantly increased (p<0.05); at STAND20, SBP was increased (p=0.03); and, at 
STAND30, DBP, SBP and MAP (p<0.05) were increased. There were no differences 
observed between SST1 and SST2 in the CONTROL group. Results indicated that ten 
consecutive +75° HUTs can improve the CVS responses to the SST. This is predominantly 
due to an increase in DBP, indicative of a change in vascular resistance. 
The third study, outlined in Chapter 5, investigated the effect of lower limb unilateral and 
bilateral resistance exercise on the blood pressure (BP) and HR responses in young males. 12 
normotensive, sedentary young males were divided into 2 groups; one group exercised 
unilaterally and the other bilaterally. Thirty seconds of resting data were collected before 
subjects performed 4 SETs of 10-12 reps on a seated leg press. SET 1 was performed at 50% 
of 10-12RM, SET 2 was performed at 75% and SET 3 and SET 4 were performed at 10-
12RM. Bilateral resistance exercise elicited greater increases in SBP than unilateral exercise 
at SETs 2, 3 and 4 (p<0.05). DBP was only greater with bilateral exercise relative to unilateral 
exercise at SET 2 (p=0.036). There were no differences between the groups for the HR 
response. This study demonstrated that the BP response to bilateral lower limb resistance 
exercise was significantly greater than that of unilateral exercise in young sedentary males. 
This information could be beneficial to many populations for whom lower BP responses to 
exercise would be an advantage. 
Following on from this, to investigate long term improvements in cardiovascular responses to 
orthostasis the study outlined in Chapter 6, investigated the effect of acute (10 weeks) and 
chronic (>4 years) resistance training (RT) on the cardiovascular responses to both HUT and 
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SST. 22 young males were allocated into three groups. The UNILATERAL (N=7) and the 
BILATERAL (N=7) groups performed baseline testing followed by 10 weeks of lower limb 
RT (performed unilaterally or bilaterally), followed by repeats of the tests performed at 
baseline. The CONTROL group (N=8) followed the same protocol except they were asked to 
perform no resistance training during the 10 weeks between testing sessions. An additional 7 
subjects were allocated to a CHRONIC group consisting of individuals who had been training 
for >4 years. These subjects only performed the baseline testing. Baseline testing consisted of 
a number of cardiovascular tests, ultrasound for vein diameter, BRS via VM, and tests for calf 
ejection fraction and venous elasticity. Results demonstrated that neither unilateral nor 
bilateral RT caused an alteration in the cardiovascular response to the HUT or SST. There 
were no changes in any cardiovascular variable in response to acute RT relative to the control 
group. The CHRONIC group had a decreased cardiovascular response to both orthostatic 
challenges, with a decrease in SV in response to HUT being greater in the chronic group 
relative to the other groups (p<0.05) and the TPR response to SST being significantly less 
than the control group (p<0.05). The CHRONIC group also had a smaller elastic modulus for 
the right leg in comparison to the other groups (p<0.05). Results indicate that heavy resistance 
exercise may cause a decreased cardiovascular response to orthostatic stress and that these 
decreases may be controlled by a decreased venous elasticity. 
Collectively, these results demonstrate that the CVS is highly adaptable to repeated 
orthostatic stress and the dominant underlying feature of this protective adaptation is 
increased vascular resistance. Following the repeated HUT the CVS is in a more protected 
state and has become better able to defend itself against the adverse consequences of rapidly 
applied hydrostatic force. However lower limb RT performed bilaterally (with large increases 
in BP) or unilaterally (with lower increases in BP) does not improve CVS response to 
orthostatic stress, in fact chronic RT (>4yrs) appears to impair the CVS response to 
orthostasis, potentially due to decreased venous elasticity.
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1.1 Introduction 
This chapter provides a descriptive review of the effects of gravity on cardiovascular 
regulation and function. In addition, the use of resistance exercise as a means of improving 
the cardiovascular responses to gravity will be explored. At the conclusion of this chapter the 
current state of research and the need for greater investigation into the mechanisms 
responsible for improving cardiovascular function will be outlined. 
1.2 Gravity 
According to Newton gravity is defined as the attraction of objects to each other as a function 
of their relative mass. In other words, gravity can be considered as the force that accelerates 
objects towards the centre of the Earth due to its large mass. Because life exists in a 
gravitational environment, a means of calculating the amount of applied acceleration is 
necessary to understand the physiological consequences of this acceleration. The force of 
gravity on Earth is effectively constant and thus serves as a useful and convenient reference 
with which we are intuitively familiar. The outcome of this calculation is defined as G. 
G is the dimensionless ratio of applied acceleration to the acceleration due to gravity (9.8 
m/sec
2
). Therefore on Earth the force of gravity is defined as 1 G. Increases in the amount of 
applied acceleration causes an increase in the magnitude of the force exerted on an object by 
gravity. (24). Therefore the G value for an applied acceleration is given by: 
G =  applied acceleration (m.sec
-2
) 
9.8 m.sec
-2
 
For example: 
If the applied acceleration of an object is 29.4 m.sec
-2
, 
 G =  29.4 m.sec
-2
 
  9.8 m.sec
-2
 
 G = 3 
This G level would cause an increase in the weight of the object by a factor of 3. 
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By convention this applied acceleration occurs in three dimensions, Gx, Gy and Gz (see 
Figure 1.1). Thus an object undergoing an acceleration from top to bottom would experience 
force in a +Gz direction (167). This is the situation that prevails in humans in an upright 
position on Earth and thus this thesis will focus on the cardiovascular effects of acceleration 
in this direction 
Figure 1.1. The three axes of G acceleration. Adapted from Sharpe, 1969 (167). 
1.3 Effects of +1 Gz on the cardiovascular system 
The most affected system by +Gz acceleration is the cardiovascular system (CVS). This is 
because the CVS is a closed loop fluid filled column that exists in a hydrostatic force 
environment. All intravascular blood pressures have a hydrostatic pressure component that is 
dependent on gravity (16). Hydrostatic pressure is given by; 
P=ρgh 
Where: 
P = hydrostatic pressure 
ρ = fluid density 
g = acceleration due to gravity 
h = height of the hydrostatic column. 
-Gz (footwards acceleration)
+Gx (forward acceleration)
+Gy (right lateral acceleration)
+Gz (headwards acceleration)
-Gx (backwards acceleration)
-Gy (left lateral acceleration)
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When an individual is in a supine position blood is evenly distributed throughout the body. 
Upon assuming an upright position, i.e. an acceleration of +1 Gz, there is a displacement of 
blood away from the thorax to the peripheral blood vessels. This displacement is known as 
‘pooling’ (161). 
Upon standing there is an increase in the hydrostatic pressure between the heart and the brain. 
This is due to an increase in the relative weight of the blood which increases the effective 
height of the column between the heart and the brain (16). This increase in the hydrostatic 
pressure gradient causes decreased blood pressure (BP) and cerebral perfusion which is 
counteracted by reflex compensatory mechanisms, namely the baroreceptor reflexes, or 
baroreflexes. There are a number of other reflexes and responses that have effects on BP such 
as: 
o The left atrial volume receptors and hypothalamic osmoreceptors which help regulate salt 
and water balance, 
o The chemoreceptors located in the carotid and aortic arteries which regulate respiration 
based on blood O2 levels, 
o The cardiovascular responses associated with the cerebral cortex-hypothalamic pathway 
responsible for the sympathetically mediated flight or fight responses, 
o The hypothalamic control of skin arterioles for temperature regulation and the effect of 
endothelial factors such as nitric oxide which has a vasodilatory effect (169). 
However this thesis will primarily focus on the role of the baroreflexes, as the sole function of 
these reflexes is blood pressure regulation. 
These changes in the hydrostatic force are also applicable when the acceleration is greater 
than +1 Gz. According to Newton’s second law of motion, force is proportional to 
acceleration. As the acceleration increases, the force of gravity increases causing the effective 
height of the hydrostatic column between the heart and the brain to become greater, thus 
making it increasingly harder for the heart to pump blood to the brain, see Figure 1.2. 
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Figure 1.2. Pressure differential between the heart and the brain under +1Gz, at an 
acceleration of +4.5 Gz blood flow to the brain ceases. 
1.4 Orthostatic Tolerance 
Orthostatic tolerance (OT) refers to the body’s ability to maintain adequate cardiovascular 
function in response to a postural change, i.e. a change in the direction of the gravitational 
force acting on the body. Orthostatic intolerance occurs when these cardiovascular 
compensatory mechanisms fail to function adequately to maintain cerebral perfusion. If this 
occurs, blurry vision, nausea, dizziness and ultimately syncope can result (16, 172, 173). 
There are a number of conditions that can cause orthostatic intolerance, such as prolonged 
periods of bed rest (207), neurocardiogenic dysfunction, which is caused by sympathetic 
withdrawal (52), postural tachycardia syndrome, which is defined as a decrease in BP despite 
an associated large increase in heart rate (HR) (181) and vasovagal syncope (99). In addition a 
number of pharmacological agents can bring about orthostatic intolerance. These include 
anaesthesia (47) and diuretics (202) to name a couple. 
Orthostatic tolerance is measured via long term exposure to an orthostatic stress. This usually 
involves individuals being exposed to this orthostatic challenge, typically a long term tilt (79) 
or progressively increasing lower body negative pressure (LBNP) until symptoms of pre-
syncope are observed (111, 115, 134, 187). Pre-syncope is typically defined as a sudden drop 
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in HR (>15 beats per min), a sudden fall in SBP (>25 mmHg per min), a SBP of less than 70 
mmHg or severe nausea (128). 
In addition to measuring orthostatic tolerance a great deal of useful information can be 
generated by measuring the initial cardiovascular responses to a postural change. The initial 
responses to orthostatic stress are often used to assess cardiovascular regulation and as a 
predictor of orthostatic tolerance (12, 13, 42, 144, 155, 156). The initial responses are usually 
defined as the first 30s following the onset of orthostasis. The first 30s is used as it has been 
established that baroreflex responses are almost completed within 10s of an orthostatic 
stimulus, and that most cardiovascular parameters have stabilized within 30s (189). By 
improving the initial responses to orthostatic stress, either by making the CVS more 
responsive to the decrease in BP or by preventing the decrease in BP all together, there is the 
possibility that orthostatic tolerance can be improved. 
1.5 Cardiovascular responses to +Gz acceleration 
There are a number of standard, well-documented responses to orthostasis/+Gz acceleration 
(16, 156, 161, 162, 185). Upon the onset of the orthostatic stress there are alterations in the 
physical location and size of the major organs. The heart is pushed downward resulting in a 
decrease in both systolic and diastolic volumes and there is a decrease in the diameter of the 
aorta and other vessels leaving the aortic arch (16). 
Blood is translocated to the lower parts of the body, the amount of which is dependant on the 
magnitude of the +Gz acceleration (16). This downward movement of blood volume leads to 
a decrease in central blood volume (CBV) which in turn leads to a decrease in the filling 
pressures of both the left and right ventricles (11). The increase in peripheral pooling and the 
force of the acceleration lead to a decrease in venous return which causes a decrease in 
cardiac output (CO) and stroke volume (SV), followed by a decrease in mean arterial pressure 
(MAP), especially above the heart (16). This decrease in MAP leads to the activation of the 
baroreflexes which act to restore BP to normal levels. 
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1.5.1 The venous system and its role in orthostatic tolerance 
The main purpose of the venous system is to return circulating blood flow from the arterial 
system to the heart (169). Following the downward movement of blood volume associated 
with orthostatic stress, the amount of blood that pools in the veins of the extremities due to the 
distensibility of the veins and by the magnitude of the force of gravity acting on the body. The 
main goal of the CVS in response to this fluid pooling is to promote venous return in order to 
maintain cerebral perfusion. Venous return is facilitated by a number of mechanisms, see 
Figure 1.3. Following orthostasis the main contributors to improving venous return are reflex 
vasoconstriction and the skeletal muscle pump (169). 
1.5.2 Reflex control of vascular system 
Vasoconstriction occurs as a reflex response to the decrease in BP associated with orthostatic 
stress. This cardiovascular reflex and circulating catecholamines, such as adrenaline and 
noradrenaline control the capacity of the venous system (16). 
Vascular constriction and relaxation is predominantly due to sympathetic action. Shigemi et 
al., 1994 (170), using a dog model, found that systemic resistance and capacitance vessels are 
constricted by α adrenergic mechanisms and were dilated by β adrenergic mechanisms. 
Results of this study also found that α adrenergic mechanisms dominate over β adrenergic 
mechanisms in the carotid sinus baroreflex control of venous capacity. 
Despite these neural control mechanisms of the venous system it has been suggested that 
veins in the lower extremities do not rely as much on sympathetic mechanisms during 
orthostatic stress and that the main factor that opposes venous pooling is the skeletal muscle 
pump (125). 
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Figure 1.3. Factors that facilitate venous return. Adapted from Sherwood 1997 (169). 
1.5.3 Skeletal Muscle Pump 
The skeletal muscle pump acts to increase venous return by causing a mechanical 
compression of the veins with the contraction of the gluteal and leg muscles. This 
compression decreases the capacity of the veins to store blood and simultaneously squeezes 
blood back towards the heart (169, 195). 
It has been suggested that factors such as body mass, height and calf circumference can affect 
the role of the calf muscle pump in promoting venous return (181). Kügler et al., 2001 
assessed the effect of muscle mass on venous emptying. Results of this study showed that 
subjects with greater body mass, height and calf circumference had higher resting venous BP 
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and greater decreases in venous pressure during walking (a greater pressure decrease would 
indicate a greater amount of blood volume being ejected from the calf). 
It has been suggested that when calf size is decreased the amount of blood ejected from the 
calf is also decreased (181). This has implications for those who suffer from orthostatic 
intolerance and would lead to the suggestion that enhancing the size of the calf muscles would 
help improve symptoms of orthostatic intolerance (181). 
1.5.4 Baroreflexes 
Throughout the average day an individual will change posture multiple times. Each postural 
change places a stress on the CVS. The human body is well designed to cope with these 
stresses and the CVS is tightly regulated to maintain cerebral perfusion and BP at the required 
levels for adequate function. This regulatory mechanism is predominantly controlled by the 
baroreceptor reflex or baroreflexes. 
The baroreceptors are mechanoreceptors located in blood vessels. There are two kinds of 
baroreceptors which are categorised as either high or low pressure receptors. The high 
pressure receptors are the arterial baroreceptors and are located in the carotid sinus and the 
aortic arch, the low pressure receptors are the cardiopulmonary baroreceptors and are located 
in large veins, including the pulmonary vessels and at the venoatrial junction, and in the atria 
and ventricles of the heart (10). 
In order to differentiate the roles of the high and low pressure baroreceptors, LBNP is 
typically used. At low levels of negative pressure (-5 to -10 mmHg), LBNP causes a decrease 
in central venous pressure with no change in arterial pressure or HR however forearm blood 
flow is decreased. At high levels of negative pressure (>-40mmHg) a decrease in arterial 
pressure and an increase in HR are observed. This causes an activation of both high and low 
pressure baroreceptors and an increase in HR and constriction of the splanchnic vessels 
occurs (1, 177). It is generally believed that arterial baroreceptors control HR and splanchnic 
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vessels and the cardiopulmonary baroreceptors control the vascular resistance of the limbs (1, 
123). 
When stretched the nerve endings in the carotid sinus and the aortic arch depolarise and cause 
action potentials to travel to the nucleus tractus solitarius in the medulla. The response that 
occurs is predominantly mediated by vagal cholinergic mechanisms which act to supply 
parasympathetic and sympathetic innervation to the CVS in response to the vascular wall 
stretching (29, 123).  
When BP decreases (as with orthostatic stress) the baroreflexes act to produce an increase in 
sympathetic cardiac and vasoconstrictor nerve activity and decreased parasympathetic output. 
This results in an increase in HR and peripheral vascular resistance which drives BP to 
increase (see Figure 1.4) (60, 123). 
According to Rowell 1993 (162) in response to a decrease in BP the predominant mechanism 
for the reflex increase in BP is an increase in sympathetic activity acting on the vasculature. 
This is considered to be a slow reflex response taking 5-15s to occur.  
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Figure 1.4. Cardiovascular responses to orthostatic stress. Adapted from Sherwood 1997 
(169). 
1.5.5 Baroreflex Adaptation 
1.5.5.1 Baroreflex re-setting 
As previously mentioned the main role of the baroreflex is to maintain adequate 
cardiovascular function. Under certain conditions such as repeated exposure to hypergravity 
(36, 38, 44), microgravity (4), and exercise (21) the baroreflex will reset in order to better 
perform its role under these specific conditions. 
When the CVS is exposed to sustained or repeated stress, such as above, the operational set 
point of the baroreflex is altered (30). This means that the baroreflexes will require either a 
higher or a lower BP change in order to be activated, depending on the nature of the 
cardiovascular stress. 
Baroreflex re-setting can either be ‘peripheral’ or ‘central’. ‘Peripheral’ re-setting is defined 
as a shift in the pressure-baroreceptor activity curve in the direction of the altered MAP, 
whereas ‘central’ re-setting occurs at the level of the central nervous system and is a result of 
alterations in the coupling between the receptor and the efferent nerve activity (30).  
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1.5.6 High +Gz Physiology 
1.5.6.1 Changes in baroreflex function with altered gravitational conditions 
A number of studies have shown that with repeated exposures to +Gz (G-training), or in the 
near absence of gravity such as in space, the CVS adapts on a number of levels to improve 
performance under these altered environmental conditions (4, 36, 38, 190). 
In the case of repeated or sustained exposures to +Gz acceleration it has been shown by 
several studies that a phenomenon known as G-training exists. G-training occurs when 
individuals under go a series of exposures to +Gz and experience an adaptation of the CVS, 
allowing for improved responses to +Gz (36). This improvement is observed as an increase in 
venous tone (36, 38, 190), and an increase in the carotid-cardiac vagal nerve baroreflex 
response curve (i.e. an increase in baroreflex sensitivity (BRS)) (38). 
According to Convertino, 1998 (36) the rate of onset of orthostasis may affect the G-training 
response. Using a centrifuge the cardiovascular effects of rapid and gradual onset +Gz were 
examined. Rapid onset was considered to be +6 Gz/sec and gradual onset was +1 Gz/sec. It 
was observed the slope of the baroreflex response curve was steeper in the subjects exposed 
to rapid onset +Gz was greater then those who underwent gradual onset training. 
Similar to G-training, ‘tilt-training’ over a number of days has also been used to improve 
orthostatic tolerance particularly in those who suffer from neurocardiogenic syncope (154). In 
these studies patients were exposed to a 45-90 min +60° HUT, or self-training at home by 
standing 15 cm from a wall and leaning back for a period of 30 min. Such a regimen has been 
shown to cause a significant improvement in tilt tolerance of subjects. In a number of cases 
after 15 months of tilt training the symptoms of orthostatic intolerance had all but disappeared 
(154). 
In the case of microgravity (or simulated microgravity using extended periods of head-down 
bed rest) it has been shown that the operational set point of the baroreflex changes in response 
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to the cephalad fluid shift associated with microgravity exposure. This alteration in the set 
point allows for continued function in the near absence of gravity. However, upon return to 
the gravitational force of Earth the CVS is unable to cope with the fluid shifts associated with 
exposure to gravity and symptoms of orthostatic intolerance are observed (4). 
1.5.6.2 G-Induced loss of consciousness 
G-Induced loss of consciousness (G-LOC) is defined as “a state of altered perception wherein 
(one's) awareness of reality is absent as a result of sudden, critical reduction of cerebral blood 
circulation caused by increased G force” (22). G-LOC occurs when the pressure differential 
between the heart and the brain in response to an applied acceleration is too great to allow for 
continued cerebral perfusion. G-LOC therefore represents failure of the baroreflexes to 
maintain an adequate level of cerebral perfusion. As the applied acceleration increases, a 
number of physiological changes occur that can lead to G-LOC. The most significant change is 
to the visual system (141). Blood flow to the eyes decreases in conjunction with the 
diminished cerebral blood flow (CBF). When the arterial pressure becomes less than or equal 
to the internal ocular pressure, the function of the eye becomes impaired. Peripheral vision is 
impaired first, this is known as ‘grey out’ and can occur at accelerations of approximately +3 
to +4 Gz. As the acceleration becomes greater, retinal blood flow is further diminished to a 
point where vision is completely lost, known as ‘black out’, during this period the pilot 
remains fully conscious, only unable to see. When the acceleration is greater than +4.5 to +5.5 
Gz, the heart is no longer able to pump enough blood to maintain both ocular and cerebral 
perfusion and unconsciousness results (141). When Anti-G Manoeuvres are employed the 
CVS is able to cope with +Gz levels of much greater magnitude than +5.5 Gz. 
The instance of G-LOC and almost loss of consciousness (A-LOC) in the Royal Australian Air 
Force (RAAF) is quite high. In a recent study (157) it was shown, via a survey of active RAAF 
pilots, that 98% of respondents reported experiencing at least one adverse response to +Gz 
acceleration, including 98% reporting a grey-out event, 29% experiencing black-out and 9% of 
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respondents reporting a G-LOC event during flight. Results of this study indicate that there is a 
definite need to continue researching ways to prevent these symptoms. 
1.5.6.3 Anti-G Countermeasures 
Pilots in high performance aircraft are well equipped to cope with high +Gz. In the aircraft 
itself pilots are fitted with a G-suit which is a tightly fitted garment encapsulating inflatable 
bladders. These bladders inflate in response to G acceleration and cause the legs and abdomen 
to be compressed, thereby decreasing venous pooling. The increase in pressure also causes a 
compression of the splanchnic vessels and elevates the heart toward the head. This effectively 
decreases the length of the hydrostatic column between the heart and the brain (16, 23). 
Wearing a G-suit in flight has been shown to allow the pilot to tolerate an additional +1-1.5 
Gz (74). 
In addition to wearing these G-suits, pilots are also able to conduct an Anti-G Straining 
Manoeuvre (AGSM). The AGSM involves a series of intense muscle contractions designed to 
increase BP, intra-thoracic and intra-abdominal pressures (148). It has been suggested that by 
doing the AGSM arterial pressure can be raised by approximately 100 mmHg (23). The 
manoeuvre is performed by voluntarily closing the glottis and forcing expiration, then at 3-4 
second intervals the glottis is opened and a rapid breath is taken (23). This manoeuvre has 
been shown to give up to an additional +4 Gz protection (74). 
In addition, prior to performing complex high G manoeuvres pilots perform a G Warm-Up 
Manoeuvre. The G warm-up manoeuvre, which pilots routinely perform prior to flying at high 
G, involves pulling G, whilst wearing a G-suit but without performing the AGSM until a 
small amount of peripheral vision is lost. Anecdotally, it is believed that the G warm-up 
manoeuvre ‘primes’ the baroreflex under controlled conditions to better protect against the 
physiological effects of ensuing +Gz. 
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1.5.7 Exercise and Orthostatic Tolerance 
It is well established that fitness can affect orthostatic tolerance (76, 77, 112, 128, 179, 187). 
The type of exercise that an individual performs can affect how the CVS responds to 
orthostasis. It is believed that individuals who are highly aerobically trained such as 
endurance athletes have a lower orthostatic tolerance than those who are of average fitness 
and those who are highly anaerobically trained such as weight lifters or body builders (140). 
However, there are conflicting reports when it comes to the effect of anaerobic training on the 
responses to orthostasis (76, 128, 187). 
1.5.8 The effect of endurance training on orthostatic tolerance 
It is a common belief that endurance trained/highly aerobically trained athletes “can run, but 
they cannot stand” (77). In order to have peak cardiovascular function during exercise, 
endurance athletes develop a high resting stroke volume, plasma volume and cardiac output 
and a decreased resting HR due to physiological adaptations consequent to habitual training. 
It is somewhat of a paradox that athletes with high stroke volume and plasma volume would 
have poor orthostatic tolerance. It has been suggested that the CVS of the endurance athlete 
operates on the steep part of the Frank-Starling curve, giving twice the SV for a change in 
filling pressure associated with orthostasis, compared to non-athletes see Figure 1.5. Whilst a 
large SV is beneficial during endurance exercise, athletes with this kind of training experience 
greater decreases in CBV and filling pressures when exposed to orthostatic stress (113).  
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Figure 1.5. Frank-Starling law of the heart. Adapted from Sherwood 1997 (169). 
The effect of endurance exercise on baroreflex sensitivity is fairly well established (34, 176). 
It has been suggested that individuals with a VO2 max of greater than 55-60 ml/min/kg have 
decreased BRS (34). Stegemann et al., 1974 (179) demonstrated that endurance training can 
blunt carotid BRS by causing a decrease in resting HR and a smaller increase in HR with a 
change in BP. In a study by Smith et al., 1988 (176) baroreflex function was assessed using 
phenylephrine infusion and with ∆HR/∆ systolic blood pressure (SBP) with increasing levels 
of LBNP. Results of this study demonstrated that the endurance athletes had a decreased BRS 
compared to untrained and resistance trained individuals. These adaptations are well suited 
for endurance exercise but detrimental to orthostatic tolerance (179). 
Whilst this is common in highly endurance trained athletes, a different response is observed in 
the sedentary population or people with average aerobic fitness when the aerobic capacity 
(VO2 max) of these individuals is increased (41, 109). Convertino et al., 1984 (41) 
investigated the response to head up tilt (HUT) following an 8 day intensive aerobic training 
program, which significantly increased VO2 max. Results of this study suggested that this 
short term training actually improved the cardiovascular responses to tilt. In contrast to this 
Länsimies et al., 1986 (109) performed a 4 month endurance training study, which increased 
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VO2 max, and found that there was no significant difference in orthostatic tolerance following 
the training. 
Overall, research suggests that long term endurance training will have adverse effects on the 
cardiovascular responses to orthostasis, whereas short term changes in VO2 max, especially in 
a less active population may be of some benefit for orthostatic tolerance, although this clearly 
warrants further investigation.  
1.5.9 Resistance Training 
Resistance training is a form of exercise that is designed to improve strength and the size of 
muscles. This type of training is predominantly anaerobic and involves contracting muscle 
against significant resistance (6). Resistance training is known to have a number of health 
benefits such as decreasing the risk of falls in the elderly by improving strength and bone 
mineral density (BMD), as a treatment for Type 2 diabetes mellitus, as a means of decreasing 
BP in hypertensive patients and as a means of decreasing body fat (28, 94, 198, 204). 
1.5.9.1 Physiological Adaptations to Resistance Training 
1.5.9.1.1 Resistance training for Muscle hypertrophy 
Certain resistance training protocols are designed to produce muscle hypertrophy. Muscle 
hypertrophy is predominantly caused by fibre hypertrophy which is the enlargement of the 
cross-sectional area of individual muscle fibres (206). There is also a possibility that some 
muscle hypertrophy is bought about by fibre hyperplasia (an increase in the number of muscle 
fibres), although it is not known whether this occurs in humans (121, 127). 
1.5.9.1.2 Neural adaptations to resistance training 
During the first stages of resistance training, the major mechanisms underlying strength gain 
are neural in nature. These adaptations are observed as an increase in strength and force 
production which occur to a significantly greater extent than muscle hypertrophy (130, 163, 
193).  
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During limb movement muscles are classified as agonists, antagonists or synergists, 
depending on their role in the action. The agonist is typically the contracting muscle that 
facilitates the movement, the synergist aids in this movement and the antagonist typically 
opposes the movement, and relaxes during the agonist contraction. For example, to bend the 
elbow the biceps contract (agonist) and the triceps relax (antagonist) and to straighten the 
elbow the triceps contract (agonist) and the biceps relax (antagonist) (169). 
During the early weeks of resistance training activation of the agonist and synergist muscles is 
increased and activation of the antagonists is decreased (163), see Figure 1.6. 
Figure 1.6. Neural adaptation to strength training. Adapted from Sale 2003 (163). 
McDonagh et al., 1983 (130) investigated the effect of 5 weeks of isometric resistance 
training of elbow flexors on maximum voluntary contraction (MVC) and electrically evoked 
twitches and tetani. Results of this study found that the training period evoked a significant 
increase in MVC but no change in the force of an electrically induced contraction or arm 
circumference. The authors concluded that the nervous system “learns” to excite the motor 
neurons to generate maximum force. In addition, Van Cutsem et al. 1998 (193) investigated 
the effect of 3 months of dynamic resistance training on neuromuscular adaptations in the 
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tibialis anterior. Results of this study demonstrated that that the resistance training protocol 
induced an earlier activation of the muscle (as observed by an earlier presence of 
electromyography (EMG) activity) and an increase in the maximal firing rates of the motor 
units. 
The goal of appropriate activation or coordination of synergists is to generate the maximum 
force in the intended direction of movement. Improvements in coordination and neural 
adaptations have been inferred from studies that have examined specificity of the training 
response (81, 186). This specificity is manifested in much greater strength increases when the 
strength test is the same as the training exercise and smaller increases when the strength test is 
different.  
Neural adaptations presumably account for observations that during unilateral training a small 
increase in the strength of the contralateral limb is observed. (25, 88, 135, 136). Cannon et al., 
1987 (25) investigated the effect of unilateral training on the MVC of the adductor pollicius 
muscle comparing the exercising hand to the contralateral hand. Results of this study 
demonstrated a significant 9.5% increase in MVC in the contralateral hand, however there 
was no significant increase in EMG activity associated with the increase in MVC. 
In addition to neural changes it has been suggested that increases in contralateral strength with 
unilateral training could possible be due to unknowingly contracting the contralateral muscle 
during training thereby inadvertently training it (100), although the use of EMG has revealed 
limited activity in the homologous muscles in the opposite limb (58). 
1.5.9.1.3 Gender differences in muscle adaptation to resistance exercise 
There have been a number of studies investigating the differences in the way males and 
females respond to resistance training (2, 3, 50, 82, 97, 178). 
Some studies demonstrated that male subjects are able to achieve greater hypertrophy than 
females when exposed to the same resistance training protocol, with males increasing their 
 24 
muscle volume by as much as twice that of the females (3, 97, 178). These observed 
differences in hypertrophy are attributed to an increased level of serum testosterone in males 
(3, 178). Ahtianen et al., 2003 (3) also investigated the effect of a 21 week resistance training 
protocol on serum testosterone levels in active but untrained males and chronically strength 
trained males and observed a significant positive correlation between initial testosterone 
levels and the strength gain that occurred. 
In terms of strength, it has been shown that males and females make similar relative gains in 
strength in the early stages of resistance training (82, 178). However, it has been suggested 
that this strength increase results from different mechanisms, where muscle hypertrophy 
contributes more to the strength increase made by males and neural adaptations contribute 
more to the progress made by females (50). 
1.5.9.1.4 Time course of skeletal muscle adaptations to training 
As previously mentioned, resistance training appears to stimulate neural and muscular 
adaptations with the former dominating the early response and the latter becoming more 
significant with time.   
The time course for these adaptations has been shown to occur in just a few weeks of training.  
Staron et al., 1994 (178) found that with lower limb exercises maximal dynamic strength was 
significantly increased after 4 weeks of training. Similarly, Abe et al., 2000 (2) investigated 
the time course of muscle adaptations for upper (chest press) and lower body (knee extension) 
resistance training in men and women. Results of this study suggest that strength in both 
regions had increased in female subjects by week 4 and increases in strength were observed in 
males for the knee extension by week 2 and in the chest press by week 6. Muscle thickness 
was measured with ultrasound and it was determined that the thickness of the bicep was 
increased by week 4 in males and week 8 in females. 
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1.5.9.2 The effect of resistance exercise on blood pressure 
There have been a number of studies investigating the effect of resistance exercise and 
training on BP responses (26, 103, 104, 120, 122, 158, 188, 194). Resistance exercise is 
associated with large increases in BP during training (120, 122). However,  the effect on 
resting pressure is subject to some controversy and has been shown to either produce no 
change in resting BP or, in some mildly hypertensive subjects a lowering resting BP 
following training (26, 103, 104, 188). 
1.5.9.2.1 Resistance training and resting blood pressure 
There has been considerable research investigating how resistance training affects resting BP. 
This is of particular importance in the treatment of hypertension (198). Results of these 
studies have varied in that some studies have found decreases in BP (26, 103, 104, 188) and 
others have found no change (158, 194).  
Taylor et al., 2003 (188) investigated the effect of isometric hand grip exercises for 10 weeks 
in older hypertensive individuals. Results of this study demonstrated that isometric resistance 
exercises significantly decreased resting SBP by 19 mmHg and DBP by 17 mmHg in this 
group of subjects. Van Hoof et al., 1996 (194) investigated the effect of 16 weeks of whole 
body resistance training on resting blood pressure in healthy normotensive males. In this 
study blood pressure was measured in the supine and seated position and continuously for 24 
hours using an ambulatory monitor. No significant difference in blood pressure was observed 
following the resistance training program. Carter et al., 2003 (26) investigated the effect of an 
8 week whole body resistance training program on BP in young normotensive males. Results 
of this study demonstrated that SBP significantly decreased by 9 mmHg and DBP 
significantly decreased by 8 mmHg in the training group and there was no significant 
difference in the BP response of the control group.  
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Research suggests that, despite some controversy, there is a trend for resting BP to be 
decreased with resistance training. This theory was supported by Kelley, 1997 (103) and 
Kelley et al., 2000 (104) who performed a meta-analysis of the literature concerning the effect 
of resistance exercise (both progressive (104) and dynamic (103) forms of training) on resting 
BP. Training protocols were a minimum of 4 weeks in duration and only studies with a non-
exercise control group were included in the analysis. Results of both studies indicate that 
resistance exercise may cause small decreases in resting BP. 
1.5.9.2.2 Blood pressure response during resistance exercise 
It has been shown that during heavy dynamic weight lifting arterial BP can elevate to extreme 
levels, sometimes as high as 480/350mmHg (122). It is believed that this increase in pressure 
during training is due to a number of factors such as a pressor response, mechanical 
compression of vessels, muscle size, joint angle and also the Valsalva Manoeuvre (VM) 
(120), the VM is defined as a sustained exhalation against a closed or partially closed glottis. 
MacDougall et al., 1985 (122) investigated the BP response to heavy resistance exercise and 
found that both SBP and DBP increased four-fold with a bilateral leg press exercise 
performed at 95% of 1 repetition max (1RM) until failure. In comparison using a unilateral 
leg press exercise, BP only increased two-fold (see Figure 1.7). 
It is generally believed that the absolute amount of force generated by the contracting muscle 
has little effect on the BP response, however the relative intensity of the contraction (or 
%MVC) does appear to be well correlated to the BP response (78, 120).  
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Figure 1.7. Peak SBP and DBP reached during various exercises at 95% and 100% of 1 RM. 
Reproduced from MacDougall et al., 1985 (122). 
In addition to the %MVC, the size of the active muscle is believed to affect the BP response 
to resistance exercise. Seals et al., 1983 (165) investigated the effect of muscle size on the BP 
response to resistance training by using different muscle groups of increasing size, i.e. single 
arm handgrip, two leg extension and a dead lift that uses both arm and leg muscles. Results of 
this study demonstrated that as the active muscle mass increased the BP and HR responses to 
the exercise also increased.  
It has been shown that during lower limb resistance exercise the BP response varies with the 
angle of the knee during training. MacDougall et al., 1992 (120) investigated the effect of 
knee joint angle during a bilateral leg press on the BP responses and found that BP was 
highest when knee angle was at 90° and BP was lowest when the knee was fully extended 
(angle of 170°). This is presumably because the level of quadriceps and hip extensor activity 
is greater at this knee and corresponding hip angle. 
 28 
During heavy resistance exercise athletes typically perform a VM. This provides a number of 
benefits to the athlete including stabilization of the trunk via an increase in intra-abdominal 
pressure (120) and provision of a possible protective mechanism for the cerebral vasculature 
via increasing cerebrospinal pressure which results in a decrease in the transmural pressure 
(CVTMP) acting on cerebral vessels (83, 85), see Figure 1.8. It has been shown that naïve 
subjects naturally perform VMs when lifting loads of 85-100% of maximum (120). 
The VM exaggerates the acute BP response to resistance exercise (139). Narloch et al., 1995 
(139) investigated the effect of exhalation during weight training against an open and a closed 
glottis and found that performing the VM caused much greater increases in BP (a mean of 
311/284) when compared to a slow exhalation with an open glottis (an average BP of 198/15). 
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Figure 1.8. Estimated intracranial pressure and CVTMP a) without a VM and b) with a VM. 
Reproduced from Haykowski, 2003 (85). 
Overall it has been well established that resistance exercise causes large acute increases in 
BP. There a number of mechanisms responsible for these increases, including those listed 
above. There are certain sections of the population such as the elderly, the hypertensive and 
diabetics (27, 28, 94) that would benefit from resistance exercise that causes lower increases 
in BP. Details of this will be further described in Chapter 5.  
1.5.9.3 Effects of Resistance training on the vasculature 
1.5.9.3.1 Lower limb veins 
It is generally believed that resistance exercise has an effect on vascular compliance in the 
lower limbs. Reports on the effect of resistance training on vascular compliance have been 
varied (20, 39, 40, 118). However, there has been some suggestion that compliance of veins in 
the lower limbs is affected by mechanical compression of the veins by the surrounding muscle 
(20, 40). 
a b 
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Convertino et al., 1988 (39) investigated the relationship between fitness (both aerobic and 
strength), calf blood flow, calf venous compliance and body mass. Results of this study 
suggested that there was a significant negative correlation between calf compliance and calf 
cross sectional area (CSA) (r = -0.72, p<0.02). Based on a prediction model from the step 
wise regression calf CSA was the most dominant contributing variable (of the variables 
measured) to calf compliance (r = -0.60, p<0.06). In addition to this finding, Convertino et al., 
1989 (40) investigated the effect of muscle atrophy on venous compliance. Results of this 
study found that following 30 days of -6° head-down bed rest calf volume and CSA both 
decreased and calf compliance decreased. The change in calf compliance was significantly 
correlated with the change in calf size. 
Using venous occlusion of the lower limb, in combination with medical resonance imaging of 
lower limb vasculature, Buckey et al., 1989 (20) suggested that most of the calf volume 
changes that occur with occlusion occur within the deep veins of the legs. Buckey et al., 1989 
(20) suggested that as the deep veins of the legs have little smooth muscle and sympathetic 
innervation, that the compliance of these veins must be due, in part, to the surrounding 
skeletal muscle. 
Based on the above research it would appear that calf compliance is controlled, at least in part 
by the amount of surrounding skeletal muscle (20, 39, 40). 
1.5.9.3.2 Arterial compliance 
In addition to indirectly altering the compliance of the veins in the lower limbs, it has been 
suggested that resistance training can also decrease central arterial compliance. It is generally 
believed that the high BP changes during resistance training alter arterial structure and cause 
the vessels to stiffen (131, 132).  
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A number of studies have investigated the effect of resistance exercise on central arterial 
compliance and have found that acute resistance exercise in previously untrained males and 
females can decrease central arterial compliance (46, 51, 132).  
Miyachi et al., 2004 (132) investigated the effect of acute resistance exercise on arterial 
stiffness in young healthy males and found that 4 months of whole body resistance exercise 
significantly reduced central arterial compliance by ~20%, however 2 months after the 
cessation of training this effect had returned to baseline. A similar finding is observed in 
female subjects, Cortez-Cooper et al., 2005 (46) investigated the effect of high intensity 
resistance exercise on carotid arterial compliance in young healthy women and found that 
arterial compliance was significantly decreased following the resistance exercise. In addition, 
DeVan et al., 2005 (51) demonstrated that a single bout of resistance exercise could decrease 
central arterial compliance immediately post exercise and this effect persisted for 30 min post 
exercise, but had returned to baseline by 60 min. 
In addition, Miyachi et al., 2003 (131) investigated the effect of resistance exercise on central 
arterial compliance in both young and middle-aged subjects and found that there was a 
decrease in arterial compliance associated with aging and that chronic resistance exercise 
exacerbated this effect, in fact, middle-aged resistance trained men had a central arterial 
compliance ~30% less than their controls, however a similar finding was not observed in the 
young males in this study. There are a couple of possible mechanisms for this finding, firstly 
it was suggested that the adaptations observed in the middle-aged males may be explained by 
the fact that they have been training longer than the younger subjects and secondly because 
the arterial walls of older subjects have already begun to experience some stiffening due to 
aging, the arterial walls may be more susceptible to alterations.  
In conclusion, resistance exercise is associated with a decrease in arterial compliance. Less 
compliant vasculature may be of benefit in terms of orthostatic tolerance by decreasing the 
amount of blood volume that can shift around the body, however a stiffening of central 
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arteries may be disadvantageous due to possible effects on the baroreceptors located in these 
vessels (126). 
1.5.9.4 The effect of resistance exercise on baroreflex sensitivity 
As previously mentioned, it is fairly well established that endurance training can effect BRS 
(34, 176, 179), however, the effect of resistance training on BRS is a little less clear. There 
have been conflicting reports as to whether resistance exercise affects baroreflex function. 
Typically studies investigating these effects have used either sedentary or untrained subjects. 
There has been little investigation into how chronic resistance training (such as that 
performed by weight lifters or bodybuilders) affects BRS (115, 176). 
Lightfoot et al., 1994 (115) examined the effect of a 12 week whole body resistance training 
program on LBNP tolerance and BRS. This study compared a control group to an acute 
training group and to a group of bodybuilders (chronic group). BRS was measured in this 
study using a neck pressure cuff. The results of this study demonstrated that the carotid-sinus 
heart rate reflex was unchanged after 12 weeks of resistance training. The chronic group 
demonstrated a trend for decreased BRS, (large standard errors may have prevented this from 
being significant) however in the initial part of the BRS response curve the response of the 
chronic group was statistically significantly greater than that of the control group. This result 
suggests that when carotid sinus pressure is low (between 80 and 120 mmHg) the change in 
R-R interval in the chronic group is greater than the control, indicating a more responsive 
baroreflex, however as the pressure on the carotid sinus is increased the baroreflex of the 
chronic group becomes less sensitive, however this decrease was not significantly different to 
the control group, see Figure 1.9. 
 33 
Figure 1.9. Average R-R interval changes with changes in neck pressure (BRS curves) A: 
acutely trained group, B: control group and chronically trained group. Reproduced from 
Lightfoot 1994 (115). 
Smith et al., 1988 (176) compared the baroreflex response of 10 chronically weight-trained 
subjects to endurance and untrained subjects. Results of this study suggested that the 
chronically trained power lifters had no significant differences in baroreflex function 
compared to the untrained subjects.  
The majority of studies have exposed untrained subjects to various resistance training 
protocols (45, 187). Tatro et al., 1992 (187) used 8 young males to investigate the effect of a 
19 week lower limb resistance training protocol on LBNP tolerance and BRS. BRS was 
measured using a neck pressure cuff. After training it was observed that BRS was increased in 
this group of subjects as evidenced by a significant increase in the slope of the baroreflex 
stimulus response curve. However, there was a limitation to this study in that there was no 
control group for comparison. 
Cooke et al., 2005 (45) found that an 8 week total body resistance training protocol did not 
alter autonomic vagal activity. BRS was assessed by spectral analysis of R-R intervals in both 
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a control group and a group of individuals who underwent an 8 week whole body resistance 
training program and no significant differences were observed between the groups. 
Overall it would appear that resistance training may have an effect on BRS, however whether 
this is a positive or negative effect is still the subject of some debate. There is also the 
possibility that different types of resistance training have different effects on BRS, however 
this clearly warrants further investigation. 
1.5.9.5 The effect of resistance training on orthostatic tolerance 
The evidence for the effect of resistance training on the cardiovascular response to orthostasis 
is varied from study to study. The type and duration of the resistance exercise program will 
affect how the CVS adapts (90, 115, 128, 187). The effects of the resistance training program 
on the responses to orthostasis differ between studies as each study has used a different 
resistance exercise protocol and different orthostatic challenges. 
Tatro et al., 1992 (187) investigated the effect of lower limb resistance training on LBNP 
tolerance. This study found that 19 weeks of resistance training increased carotid baroreflex 
sensitivity. Despite this change in BRS, Tatro et al., 1992 (187) did not observe any changes 
in LBNP tolerance. The authors concluded that perhaps this resetting of the baroreflex was 
not sufficient to alter tolerance. 
Lightfoot et al., 1994 (115) investigated whether whole body resistance training over a period 
of 12 weeks would affect LBNP tolerance. This study had a control group, a training group 
and also a group of chronically resistance trained subjects (>4 years of training). This study 
observed an increase in LBNP tolerance after the 12 weeks of weight training and the 
chronically trained subjects had a greater tolerance again despite no significant change in 
BRS (see Figure 1.9). The authors suggest that the difference in results between this study and 
that of Tatro et al., 1992 (187) is that the subjects in the Tatro et al., 1992 (187) study 
performed only lower limb resistance training, whereas the subjects in the Lightfoot study 
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performed whole body training. Lightfoot et al., 1994 (115) suggested that whole body 
training will be of greater benefit in improving orthostatic tolerance. However, McCarthy et 
al., 1997 (128) observed no difference in LBNP tolerance with whole body resistance 
training. Results of this study demonstrated that there was no change in the BRS of the 
exercise group, nor was there a change in the LBNP tolerance. There were some differences 
in the protocols between the study of McCarthy et al., 1997 (128) and that of Lightfoot et al., 
1994 (115) in particular, the termination criteria for the LBNP. Lightfoot et al., 1994 defined 
tolerance as the maximum negative pressure that was tolerated at the onset of pre-syncopal 
symptoms whereas McCarthy et al., 1997 defined tolerance as the final LBNP pressure that 
the subject could tolerate for at least 60s. This difference in protocol could result in subjects 
in the study by Lightfoot et al., 1994 being classified as having a greater tolerance. 
In addition, Howden et al., 2002 (90) used isometric exercises in either the legs or the arms to 
assess tolerance to LBNP. This study found that isometric resistance training of both muscle 
groups was associated with a significant decrease in resting SBP but not DBP. Only subjects 
who performed leg muscle exercises had a significant increase in LBNP tolerance. 
Overall this section demonstrates that resistance exercise has a number of effects on 
cardiovascular function, however a great deal of further research is required to ascertain how 
resistance exercise affects both cardiovascular function and the responses to orthostatic stress. 
1.5.10 Other factors that affect orthostatic tolerance 
In addition to those factors listed above there are many other physiological and environmental 
factors that may affect the responses to orthostasis. These include gender, age, height, weight, 
consumption of certain food items such as caffeine and hydration status to name a few (7, 8, 
12, 35, 44, 72, 182). In the studies outlined in this thesis, factors such as hydration and gender 
were considered important and the effects of these are described below. Dietary factors were 
controlled for during the experiments. 
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1.5.10.1 Gender Differences in the response to orthostasis 
A number of studies have found that the responses to orthostasis can differ between males and 
females (35, 70, 72, 182), however the exact mechanism for this is yet to be determined. It is 
believed that females exhibit a lesser response to orthostasis. Strollo et al., 1999 (182) 
suggested that females had “weaker and slower cardiovascular responses” in the initial part 
(first 2 mins) of a +75° HUT. Males had a more rapid increase in HR and DBP than females, 
indicating a more responsive baroreflex. 
This finding of an increased DBP response in males in response to orthostasis was also 
observed in a study by Gotshall et al., 1991 (72). However Gotshall et al., 1991 (72) did not 
demonstrate the same differences in the HR response. This study also observed other gender 
differences in the response to orthostasis in that male subjects had a greater decrease in CO 
and SV and a greater increase in total peripheral resistance (TPR) than females. 
Several hypotheses have been put forward to suggest why these differences occur. Factors 
such a menstrual cycle phase (70), height (72) and sympathetic responses (65) have been 
investigated, with no significant difference being observed for any of these factors. However, 
it has been suggested that the difference in response may be due to the smaller SV observed in 
females which is due to reduced cardiac filling (64, 65). 
In addition to comparing the responses to orthostatic stress there has been some investigation 
into the difference between the male and female response to high +Gz and ‘G-training’. 
Convertino et al., 1998 (36) compared the responses of women and men to ‘G training’. The 
training was conducted using a centrifuge for 4 weeks, 3 times per week. In the first week G 
levels were at +3 Gz and the subject was unprotected by any anti-G equipment or the AGSM, 
by week 4 the subject was protected by a G suit and G levels were at +9 Gz. After the ‘G-
training’, subjects completed a squat-stand to assess how the CVS had adapted to the 
acceleration. Results of this study demonstrated that the response to the SST was improved 
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following the ‘G-training’ protocol. ‘G training’ increased SV and CO and provided some 
protection against orthostatic hypotension in men but not in women. 
1.5.10.2 Effect of hydration on orthostatic responses 
Dehydration is associated with decreased blood and plasma volumes (171). It has been 
suggested that a decrease in circulating blood volume has an adverse effect on the response to 
orthostasis (8, 75). 
Frey et al., 1994 (8) investigated the effect of dehydration on the cardiovascular responses to 
the stand test. Results of this study demonstrated that subjects who where dehydrated or 
normally hydrated (euhydrated) had significantly greater decreases in SBP compared to those 
who were rehydrated with saline. Comparisons between dehydrated and euhydrated subjects 
were not reported in this study. Results of this study suggest that those who have a greater 
hydration status have an increased ability to tolerate the cardiovascular effects of orthostasis, 
potentially due to an increased plasma volume.  
Greenleaf et al., 1974 (75) investigated the effect of dehydration and exercise in the heat on 
orthostatic tolerance. Results of this study demonstrated that exercising in high temperatures 
in combination with body water and plasma volume depletion increased incidence of adverse 
events to orthostasis due to the loss of body fluid. 
Recently it was also demonstrated that increasing hydration state by consuming ~500ml of 
water 15 min prior to head-up tilting, BP responses to the head-up tilt in individuals with 
postural related syncope were significantly improved and orthostatic tolerance was increased 
by 6 min (32). 
1.6 Conclusion 
This review has described the effect of gravity on the CVS and the use of orthostatic 
responses to assess cardiovascular function. Results of the studies outlined in this chapter 
suggest that the study of cardiovascular regulation and its role in maintaining orthostatic 
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tolerance is an important one, with implications for a wide selection of the population, from 
those who suffer from disorders of the autonomic nervous system, to the elderly and as those 
in the aerospace community such as pilots and astronauts. 
Assessing the effects of high +Gz on the CVS is a complex and expensive exercise and 
therefore simple, inexpensive ground-based orthostatic challenges may be an alternative for 
assessing the effects of gravity on the CVS in many circumstances. 
Further research is clearly required to fully understand how the CVS functions under altered 
gravitational conditions for means of improving the cardiovascular responses to gravity to be 
found. 
In addition this chapter also outlines the potential for resistance exercise as a possible means 
of improving the cardiovascular responses to orthostasis. However the results of these studies 
are equivocal and it is clear that further research is required to ascertain whether resistance 
exercise may be beneficial to the aforementioned populations. 
The primary aims of this thesis are to investigate the effect of use of the simple ground-based 
orthostatic challenge of head-up tilt as a training tool to improve the short term cardiovascular 
responses to orthostasis and to investigate what cardiovascular variables are responsible for 
any observed cardiovascular adaptation. Following the investigation of short term acute 
cardiovascular adaptation this thesis aims to examine the effects of resistance training on 
cardiovascular regulation and on the vasculature of the lower limbs in an attempt to improve 
the cardiovascular responses to two different orthostatic challenges.  
The research questions addressed by this thesis will be: 
1. Can the CVS adapt to repeated exposures to orthostasis? If so, which cardiovascular 
variables are affected by the repeated tilting?  
2. If adaptation occurs, how does this affect the responses to a different orthostatic stress?  
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3. Can we cause long-term cardiovascular improvements to orthostatic stress through the use 
of strength training?  
4. Does increased muscle tone and mass of the lower limbs decrease venous volume in the 
lower limb by altering venous compliance, or by compression of the blood vessels in the legs?  
5. Does the strength training protocol have any affect on cardiovascular regulation, i.e. 
baroreflex sensitivity changes?  
6. Will resistance training protocols, designed to have different effects on BP during training, 
affect cardiovascular function the same way?  
7. Do long term strength trained people (multiple years of training) have better orthostatic 
responses than those who are acutely trained?  
8. What are the acute BP responses to heavy resistance training and how do the responses 
differ between unilateral and bilateral training?  
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2.1 Introduction 
This chapter outlines in general terms all experimental techniques used, this will help the 
reader understand the validity and reliability of the methods used in the subsequent chapters. 
2.2 Non-invasive cardiovascular monitoring 
2.2.1 Blood pressure monitoring 
The Portapres™ (TNO-TPD Biomedical instrumentation, Amsterdam, The Netherlands) is a 
device that is designed to non-invasively monitor beat-to-beat HR and BP. This device was 
first described by Penáz in 1973  and measures BP by using inflatable finger cuffs with a built 
in photo-electric plethysmograph to measure the pulsatile unloading of finger arterial walls 
(96).  
The non-invasive nature of this measurement technique is the main advantage over other more 
invasive procedures for measuring beat-to-beat BP. Stevens, 1966 (180) demonstrated that 
orthostatic tolerance was severely impaired by the use of intravascular instrumentation to 
measure cardiovascular variables such as BP, when compared to non-invasive means, with 
52% of subjects who were invasively instrumented experiencing syncopal reactions, compared 
to 9% who were non-invasively instrumented (180). In addition, Hainsworth et al., 1988 (80) 
suggested that non-invasive instrumentation avoids alterations in cardiovascular responses that 
could result from invasive instrumentation.  
Hainsworth et al., 1988 (80) suggested that a limitation of using non-invasive equipment to 
assess BP is that their accuracy is less certain. In an attempt to minimise the accuracy problem, 
during all the studies outlined in this thesis, the Portapres™ was validated using a manual 
sphygmomanometer each time the device was fitted to the subject. The device was accepted as 
accurate at a BP (both systolic and diastolic) of ± 5 mmHg due to the fact that there will be a 
small difference in comparing brachial to finger arterial pressure (18).  
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There are a number of reasons why the Portapres™ may not be reading accurately. The main 
reasons are cuff position and finger blood flow. If the measurements on the Portapres™ do not 
meet the ± 5 mmHg criteria, in the first instance the finger cuffs should be repositioned, if this 
is not sufficient, then the temperature of subject’s hands should be felt by touch and if the 
hands feel cold then they should be warmed, with by a heat pack or by immersing the hand in 
a bucket of warm water for a period of approximately 3-5 min to restore blood flow. Typically, 
employing one or both of these methods should be adequate in attaining an acceptable 
Portapres™ measurement. 
2.2.2 Non-invasive measurement of SV and CO 
2.2.2.1 Modelflow
®
 Model 
When used in combination with the Portapres™ this model computes stroke volume by arterial 
pressure wave analysis. Aortic pressure is computed using a model that represents the three 
hemodynamic properties of the arterial tree, a non-linear pressure dependent aortic 
compliance, impedance and time varying systemic vascular resistance (200). Aortic 
compliance is calculated by the device from an aortic pressure-area relationship which is age-
dependant. Once these parameters are determined, flow is simulated by the model. Area under 
this flow curve for one heartbeat is a determinant of SV and area under the curve for one 
minute gives CO (200). 
There are a number of other techniques that can be employed to measure CO. These 
techniques include the rebreathing method (151), thermodilution (153) and Doppler 
echocardiography (183). The current ‘gold-stand’ for measuring CO is a technique known as 
thermodilution. Thermodilution works by infusing the patient with a dye solution. Arterial 
blood is sampled and a dye-dilution curve is generated. The integral of this curve is used to 
calculate cardiac output (87, 107). 
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The principle behind these methods is known as the Fick Principle (169). This principle states 
that CO is related to the oxygen concentration in the blood. Given that CO is a major 
contributor to the body’s ability to deliver oxygen to tissues, measurements of oxygen 
consumption per min (VO2) and O2 concentrations in arterial (CA) and venous (CV) blood can 
be used to calculate CO via : 
 
When compared to these techniques the absolute accuracy of the Modelflow
® 
model is subject 
to some controversy (89, 151, 153, 183), however there is evidence to support its use to 
measure relative changes in cardiovascular function (183). 
2.2.2.2 Impedance Cardiography 
Impedance Cardiography (IC) is a non-invasive means of measuring SV, CO and a number of 
indices of cardiac contractility (208). 
IC is based on measuring the changes in thoracic impedance during the cardiac cycle, and it 
derives indices of cardiac function from the resulting waveform of impedance changes. The 
electrical resistivity of the thoracic cavity varies with changes in blood volume that are 
associated with the heart pumping blood around the body. A current is applied across 
conductive tape adhered to the skin at either end of the thorax (at the neck and at the junction 
of the thorax and abdomen). With each cardiac cycle the impedance cardiograph measures the 
change in resistivity as the blood enters the thoracic cavity. Stroke volume is calculated from 
the electrical field size of the thorax, the basal impedance of the thorax and the change in 
impedance related to ventricular contraction, and ventricular ejection time (91) via the 
Kubicek equation (107). 
SV = ρ.[L2]/[Zo2]. dZ/dt.t 
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Where; 
SV = stroke volume (mls) 
ρ = electrical resistivity of blood (ohms/cm) 
L = the mean distance between band electrodes (cm) 
Zo = average thoracic background impedance (ohms) 
dZ/dt = peak value of dZ/dt waveform (ohms/sec) 
t = ventricular ejection time (secs). 
There has been some evaluation on the reliability of bioimpedance cardiography for measuring 
CO (91, 107). Atallah et al., 1995 compared IC to the thermodilution technique, in kidney 
transplant recipients and in those who had radical cystectomy. Results of this study 
demonstrated that there was little agreement between the two techniques in this subject 
population . 
Kubicek et al., 1966 (107) compared IC with an intravenous dye dilution measurement of CO 
and found that CO values calculated by the impedance device were larger than those obtained 
intravenously. The authors suggest that this finding indicates that IC is good for assessing 
relative changes in CO but is less accurate in determining absolute values (107). 
2.2.3 Baroreflex sensitivity measurement 
2.2.3.1 Techniques for measuring baroreflex sensitivity 
According to Jagomägi et al., 2003 (98), baroreflex sensitivity (BRS) is defined as “a change 
in the heart beat interval per unit of change in the SBP (ms/mmHg), however some studies 
also use MAP to analysis changes in BRS (44, 119). Measurement of BRS has been 
conducted using a variety of methods, such as the VM, neck pressure cuffs (using both 
positive and negative pressure) and intravenous administration of phenylephrine or 
nitroglycerin. 
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The current ‘gold standard’ measurement of BRS is the intravenous infusion of phenylephrine 
(102). This is an invasive procedure by which phenylephrine is infused into the subject. 
Phenylephrine is a sympathomimetic which acts by stimulating alpha adrenergic receptors to 
cause vasoconstriction, thereby increasing BP. Once BP has risen in response to the 
phenylephrine, the baroreflexes activate to return BP to normal. The timing of the reflex 
decrease in BP can be analysed to determine baroreflex performance (133). 
Another method that is applied is the infusion of sodium nitroprusside which acts to lower BP 
by causing vasodilation. Baroreflex function is analysed using the same method as with 
phenylephrine, only the baroreflex responses will be reversed . These methods are commonly 
used to analyse baroreflex function but are believed to have some drawbacks. They are 
invasive procedures and can have other pharmacological effects on the body that may affect 
the baroreflex response. For example, these drugs may directly affect the sino-atrial node (SA 
node). This can directly affect HR independently of baroreflex function (as the SA node is the 
pacemaker region of the heart). Vasoactive drugs such as phenylephrine and sodium 
nitroprusside can alter cardiac vagal motor neuron firing, or may cause a direct central effect 
on baroreflex function (57). In addition, using steady-state infusions of these drugs may also 
cause some baroreflex adaptation (57). 
In addition to these invasive procedures baroreflex responsiveness can be assessed by 
evaluating the reflex response of HR or MAP to changes in carotid sinus transmural pressure 
(CSTP). Changes in CSTP can be bought on using neck pressure/suction cuffs. When inflated, 
the neck pressure cuff compresses the baroreceptors which causes a decrease in CSTP, or a 
hypotensive stimulus (like that of orthostasis), inversely, a suction applied to the cuff will 
give a hypertensive stimulus (56).  
In response to the stimulus of the cuff the baroreflexes act to affect HR to restore the correct 
BP to the carotid sinus. This change in HR is plotted against the change in CSTP to give the 
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baroreflex response curve. A change in the gradient of this curve is taken as a change in the 
responsiveness of the baroreflex, i.e. a steeper curve is indicative of a greater change in HR 
for a given CSTP, indicating a more responsive baroreflex (30, 56). 
2.2.3.1.1 Valsalva Manoeuvre 
The Valsalva Manoeuvre (VM) is a positive pressure breathing manoeuvre that is used to 
assess cardiovascular reflex responses. The positive pressure breathing causes an increase in 
intrathoracic pressure which acts to increase BP during the manoeuvre and causes the 
baroreflexes to act in response to this BP increase. The VM is non-invasive which makes it a 
desirable means of assessing cardiovascular responses.  
The VM is usually conducted at 40 mmHg for 15s (53, 84, 106, 117, 175, 184, 196) but also 
produces the same BP and HR patterns in the range of 30 mmHg to 50 mmHg (35, 101, 119). 
The mouthpiece for the VM usually has a small air leak in it. This is to ensure that the subject 
is maintaining the pressure from the thorax rather than closing the glottis and maintaining the 
pressure through the cheek muscles (84). There is some difference amongst studies in terms of 
the analysis of the VM. Some studies use ∆HR/∆SBP (71, 117) whilst others use ∆HR/∆MAP 
(35, 44, 119). However, as MAP is the key regulated variable of the baroreflexes, this thesis 
will report VM analysis of MAP. 
The stereotypical BP and HR responses produced by the VM can be seen in Figure 2.1. This 
waveform is divided into four phases for analysis: 
Phase I is the period of the first few beats at the onset of expiration and is caused by the 
increase in intrathoracic pressure. This increase in pressure causes compression of the vene 
cava, which increases venous return and CO during Phase I. In addition the elevated expiratory 
pressure compresses the heart and aortic vessels resulting in a transient increase in MAP. 
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This increase in BP causes an activation of the baroreflexes, thus early Phase II is associated 
with a reflex decrease in MAP, which causes a reflex increase in HR. Late Phase II is an 
indicator of TPR in which a slight increase in MAP is observed due to the fact that the TPR 
response brought on by baroreflex activation is somewhat slower than the HR response. 
Phase III is the period immediately following the release of expiration and is associated with a 
rapid decrease in MAP with no change or very slight increase or decrease in HR. 
Phase IV the period where the system attempts to return to control and is associated with 
baroreflex activation to increase MAP which overshoots passed resting levels and there is an 
associated reflex decrease in HR (53, 119). 
Each of the landmarks on the waveform are assigned a letter from a to f, and these values are 
used to calculate the values for each of the phases (35, 119). See Figure 2.1 for the location of 
these landmarks. 
Phase I is calculated by subtracting the baseline MAP from the maximum MAP during early 
strain (i.e. b-a). 
Early Phase II is calculated by subtracting the lowest mid-strain point from the maximum 
MAP during early strain (i.e. b-c). 
Late Phase II is calculated by subtracting the baseline MAP from the maximum MAP during 
late strain (i.e. d-a). 
Phase III is calculated by subtracting the MAP straight after strain from the maximum Phase II 
MAP (i.e. d-e). 
Phase IV is calculated by subtracting the Phase III MAP from the maximum post-strain MAP 
(i.e. f-e). 
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Figure 2.1. Typical cardiovascular response to Valsalva Manoeuvre demonstrating phases 
used to calculate BRS. Adapted from Luster et al., 1996 (119). 
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Phase I and Phase III give an index of vascular volume from the change in MAP. Late Phase 
II gives an indicator of the sensitivity of the baroreflex control of peripheral vascular 
resistance from the change in MAP. Early Phase II and Phase IV use the ratio ∆HR/∆MAP to 
describe the integrated cardiac baroreflex responsiveness (35, 119). 
Posture may affect the responses to the VM. Hartikainen et al., 1995 (84) demonstrated that 
posture had no effect on R-R Interval, systolic, diastolic and average BRS, where as Singer et 
al., 2001 (175), demonstrated that there were in fact postural differences in the response to the 
VM in SBP, DBP and MAP. Singer et al., 2001 (175) observed that in the supine position the 
fall in BP in the early stages of Phase II and the overshoot in BP in Phase IV were lowest and 
both values decrease with increasing orthostatic stress (sitting and standing). 
2.2.3.1.1.1 Comparison of VM with other techniques 
Lord et al., 1998 (117) compared different ways of measuring baroreflex sensitivity to 
determine how reliable they were. The VM and spectral analysis of R-R intervals were 
compared with phenylephrine infusion. It was observed that there was a great deal of intra-
subject variability for all three measures. Both spectral analysis and the VM overestimated 
BRS relative to phenylephrine by a factor of 1.13 and 1.17 respectively. 
Goldstein et al., 1982 (71) also demonstrated a wide inter- and intra-individual variability 
between the different measures for BRS. Eight techniques were measured in this study: R-R 
interval per unit change in SBP during VM and upon release of the VM, after injection of 
phenylephrine and after injection of nitroglycerin, the changes in R-R interval and in SBP 
pressure per mmHg externally applied neck suction and the changes in R-R interval and SBP 
per mmHg externally applied neck pressure. Goldstein et al., 1982 (71) found significant 
correlation with the VM (during strain) with the following techniques; the VM (after release 
of strain), the injection of nitroglycerin, with neck pressure (both BP and R-R interval) and 
with neck suction R-R interval, however the authors do suggest caution when making 
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definitive conclusions about BRS based on one measurement technique (71). The results of 
this study suggest that despite some intra and inter subject variability, the VM may still be 
considered to be reliable relative to other techniques used for measuring BRS. 
2.3 Orthostatic Challenges 
Orthostatic tolerance is typically assessed by measuring BP changes during an orthostatic 
challenge. The purpose of the orthostatic challenge in a laboratory setting is to bring about the 
cardiovascular responses to gravity in a controlled manner. There are a number of orthostatic 
challenges used for this purpose, some which utilise the effects of gravity, such as standing, 
the squat-stand test and the head-up tilting and others which work independently of gravity, 
such as LBNP (16). 
Standing and the head-up tilt involve subjects going from a supine position to an upright 
position, thereby changing the effect of gravity to a head-to-foot, or +Gz direction. The squat-
stand test involves subjects squatting for a given period of time and then assuming an upright 
position. This results in a downward movement of blood due to a reflex vasodilation 
associated with going from a squat to standing (44, 156).  
The physiological responses to LBNP are very similar to that of +Gz. It is generally believed 
that LBNP at –50mmHg, standing and 70° head-up tilt produce similar responses in BP and 
HR (16, 138). LBNP devices were designed to generate fluid shifts similar to that of +Gz 
acceleration independently of gravity. It was necessary to design such a device due to the 
development of orthostatic intolerance in astronauts upon returning to earth’s gravity as these 
devices can be used during space flight (110). 
The LBNP device is a chamber in which the subject either sits, lies or stands (depending on 
the requirements of the study). An airtight seal is positioned at the level of the iliac crests, 
therefore completely enclosing the lower half of the body within the chamber. Negative 
pressure can then be applied to the inside of the chamber, by means of a vacuum device. As 
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the amount of negative pressure in the LBNP device increases the amount of blood pooling in 
the lower extremities increases (37). 
All of the above challenges have slightly different physiological mechanisms of action and 
choice of orthostatic challenge is largely dependant on the purpose of the research being 
conducted. 
2.3.1 Squat-Stand Test (SST) 
The squat-stand test (SST) is an orthostatic challenge that is used to assess cardiovascular 
function (42, 124). The protocol for the SST varies from study to study. Protocols have 
included a 3 min stand followed by a 1 min squat followed by a 1 min stand (124) and a 6 min 
squat followed by a 1 min stand (159), however the most often used protocol is a 4 min squat 
followed by 2 min of standing (36, 42, 156). There are a number of physiological responses 
that are typical to the SST. Upon assuming a squatting position the vasculature in the lower 
limbs is compressed around the hip and knee joints producing what has been described as a 
‘tourniquet effect’(44) which results in peripheral ischemia in the legs. BP increases in the 
upper body due to the effect of the static contraction of the leg muscles (44, 156, 185). 
Following 4 min of squatting the next phase of the SST involves rapidly standing (assuming a 
full upright position within 2s). This results in a reactive hyperaemia that is characterised by a 
vasodilation and increased peripheral pooling. 
Convertino et al., 1998 (44) used the SST to assess alterations in orthostatic tolerance 
following G-training. When comparing the physiological response to the squat-stand test 
before and after the G-training, Convertino et al., 1998 (44) suggested that the SST makes “an 
excellent repeatable diagnostic or screening technique for clinical application and field 
operations in addition to its research potential”. 
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2.3.2 Head-Up Tilting (HUT) 
The use of tilt tables for experimental purposes has been occurring since the 1940s (73). Tilt 
tables are used to assess the body’s responses to postural changes under a controlled 
environment. The angle of the postural change can be controlled, as can the onset rate. 
Tilting has frequently been used to test the integrity of cardiovascular reflexes (80) and is also 
used in clinical situations to investigate patients who suffer from vasovagal syncope (150). 
This syncope is associated with a sudden fall in HR and arterial pressure (11). 
The head-up tilt (HUT) generates orthostasis by tilting the subject to a near upright position 
(+75°). A tilt table can be rotated around a central axis that is usually located near the body’s 
centre of mass. The amount of acceleration produced by a tilt is calculated by the sine of the 
angle of the table (68). For example, see Figure 2.2:  
Figure 2.2. Calculation of the amount of acceleration from tilt angle. 
An angle of 75° produces approximately 96% of the effects of a full 90° change from supine 
to an upright posture (16, 73). A full 90° tilt is used infrequently (66, 137) as 90° creates a 
sensation of falling forward in some subjects, which produces an alarm response (17, 137). As 
with +Gz acceleration, tilting is associated with a redistribution of blood down towards the 
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lower extremities. The degree of redistribution varies with the cosine of the angle of tilt (59). 
In addition, Hainsworth et al., 1988 (80) demonstrated a linear relationship between tilt angle 
and the response of CO, HR and DBP, i.e. as the angle of tilt increases CO, HR and DBP 
increased proportionally.  
The tilt table is generally used to generate similar responses to that of standing (from supine), 
the only difference is that tilting is usually a passive process with minimal use of leg muscle 
contraction. When assessing cardiovascular responses to tilting it is important that leg 
muscles are not active as muscle contraction increases venous return, thus improving 
orthostatic tolerance (95). 
In a study by van Lieshout et al., 2001 (197), the effect of leg tensing during standing was 
investigated. It was found that leg muscle tension caused central venous pressure and CO to 
increase and the orthostatically induced decrease in middle cerebral artery velocity (measured 
by transcranial Doppler sonography and used as an indicator of cerebral blood flow) and 
cerebral oxygenation was lessened. All of this indicates that leg muscle tensing will improve 
orthostatic tolerance, which under certain experimental tilting conditions is not useful, as it 
will not give an accurate indication of an individual’s orthostatic response. 
2.3.2.1 Method of support on the tilt table 
A number of different support devices have been used on tilt tables to hold subjects in place 
whilst they are tilted. These supports include the footplate, the saddle, hip suspension and the 
parachute harness (59, 137, 149, 166). A number of factors need to be considered when 
choosing which support to use, as each can produce a slightly different physiological 
responses. 
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A number of studies have demonstrated that using more ‘passive’ supports such as the saddle 
and the harness produce greater instances of syncope than the more ‘active’ footplate which 
can induce some leg muscle tension (59, 149, 166). 
Fitzpatrick et al., 1991 (59) compared the use of a footplate and a saddle support and found 
that out of 12 subjects only 1 subject had a syncope response using a footplate and 7 subjects 
had a syncopal reaction to a 60° HUT using a saddle type support. The authors provided no 
possible suggestions as to the cause of this difference; however the increase in syncopal 
responses with the saddle support could potentially be due to the effect of the footplate as the 
use of a footplate can result in leg muscle tension during tilting thus giving improved OT. 
Shamsuzzaman et al., 1997 (166) compared the effect of HUT using a footplate to HUT using 
a parachute harness and found that using the parachute harness produced smaller HR 
responses than using the footplate at the same angle and duration of tilt. Murray et al., 1966 
(137) suggested that the reason why the parachute harness produces a different response is 
that the parachute harness can create a seated position and may promote venous pooling in the 
pelvis. Murray et al., 1966 (137) compared the footplate and saddle support and found no 
significant differences in HR and BP responses to tilting. 
2.3.3 Differences between the head-up tilt and the squat stand test 
The cardiovascular responses to the SST are believed to be more exaggerated than that of the 
head-up tilt. In a study by Rickards et al., (2003) the cardiovascular responses to the SST and 
the HUT were compared. The SST produced greater decreases in DBP and MAP relative to 
that of the HUT. In addition, the decrease in BP remained for 10s in both tests, however after 
the HUT BP had returned to control levels after 30s, but remained decreased in the SST. 
There are a number of physiological differences that would account for the observed 
responses. Firstly, the HUT is a passive challenge, meaning that the subject remains in a 
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relaxed state during the orthostatic challenge and there is no muscle activity in the lower limbs 
during the challenge. The SST is described as an active challenge due to the fact that the 
muscles in the lower legs and the abdomen are activated during the challenge. During the squat 
phase of the challenge the contraction of the skeletal muscles cause a compression of the 
vessels around the hip and knee joints which results in a decrease in blood flow to the muscles 
in the leg (36, 38, 156). Upon standing these vessels dilate, resulting in a decrease in TPR. A 
large amount of blood volume moves towards the lower extremities which causes a decrease in 
BP at the heart and head level. 
This mass movement of blood volume and the fact that blood volume is distributed differently 
throughout the body prior to the orthostatic stress, results in a greater decrease in BP following 
the SST than observed with head-up tilt (156). 
2.4 Measurement of aerobic capacity  
As previously mentioned in Chapter 1, physical fitness has the potential to affect orthostatic 
tolerance. There is evidence that an individual with a large aerobic capacity is likely to exhibit 
symptoms of orthostatic intolerance (33). 
A VO2 max test is a measure of aerobic fitness and is defined as the maximal rate at which 
energy can be generated from the aerobic system . The main determinant of VO2 max is the 
efficiency of the respiratory and CVS to deliver oxygen to the exercising muscle and then how 
much of that oxygen the muscle can utilise .  
The VO2 max test is performed on an ergometer. This is typically a treadmill, cycle, or a 
rowing machine, although other exercise techniques such as swimming have also been used. 
The subject is fitted with a mouthpiece (or face mask) connected to a metabolic cart to analyse 
pulmonary gas exchange . The metabolic cart measures the consumption of oxygen and the 
production of CO2 by an individual . The exercise protocol involves a progressively increasing 
work load, for a given power output there is a corresponding oxygen uptake, which is defined 
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as VO2 (L/min) . This VO2 varies between individuals. For standardisation purposes, VO2 max 
is reported as oxygen consumed in ml/min/kg of body mass. 
Termination of exercise is usually at volitional exhaustion and if a true VO2 max is reached the 
VO2 values reach a plateau with increasing workloads. Typically in sedentary or average-
below average aerobically trained individuals this plateau is not reached. Exercise was 
typically terminated due to muscle fatigue in the legs.  
Table 2.1 reports the typical VO2 values for young individuals, split by age and gender. 
 males females 
 18-25 
years 
26-35 
years 
36-45 
years 
18-25 
years 
26-35 
years 
36-45 
years 
Highly trained >60 >56 >51 >56 >52 >45 
Trained 52-60 49-56 43-51 47-56 45-52 38-45 
Above average 47-51 43-48 39-42 42-46 39-44 34-37 
Average 42-46 40-42 35-38 38-41 35-38 31-33 
Below average 37-41 35-39 31-34 33-37 31-34 27-30 
Poor 30-36 30-34 26-30 28-32 26-30 22-26 
Very poor <30 <30 <26 <28 <26 <22 
Table 2.1. Typical VO2 values (ml/min/kg) for young individuals, categorised by age, gender 
and degree of aerobic fitness. Adapted from Shvartz et al., 1990 (174). 
2.5 Surface EMG 
Surface EMG (sEMG) measures the action potentials generated by muscle fibres of motor 
units during muscle contractions using specifically placed electrodes on the skin (48, 86). The 
main advantage of sEMG is that it is a non-invasive technique that is easily quantified (48). 
When looking to measure specific muscles or muscle groups, sEMG has some disadvantages 
such as “cross talk” which can occur when the signal from one muscle group travels over into 
the recording area of another (48). 
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In the present study this disadvantage was not considered to be an issue, as sEMG was not 
used to quantify muscle activity. Surface EMG was used to monitor muscle activity during 
tilting to ensure subjects were not contracting their leg muscles and in fact, “cross-talk” maybe 
of some advantage for our purposes, as we did not want any muscle activity to be present. 
During HUT this technique can be used to assess activity of leg muscles and ensure that the 
HUT is passive. This is necessary to ensure that the subjects do not contract their leg muscles 
during the tilt phase. As previously mentioned, the contraction of the leg muscles can affect 
the cardiovascular response to the HUT by altering venous return (197). Based on EMG 
analysis of muscle groups of the calf and quadriceps in our laboratory prior to the collection 
of tilting data, the rectus femoris muscle is active during the HUT and therefore monitoring 
this muscle during tilt will help to make the HUT as passive as possible. Positioning of the 
electrodes for measuring rectus femoris activity is outlined in Figure 2.3. 
Figure 2.3. Position of sEMG electrodes for measurement of rectus femoris activity, adapted 
from Cram et al., 1998 (48). 
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2.6 Measurement of lower limb muscular and vascular function 
2.6.1 Dual Energy X-Ray Absorptiometry 
Dual Energy X-Ray Absorptiometry (DEXA) is a technique used to assess bone density and 
body composition. The formation of an image relies on the reflection and scatter of the photon 
beam. The term ‘dual energy’ comes from the fact that there are two photon beams of different 
energies which are applied to the tissues. This allows the device to differentiate between tissue 
and bone in that the low-density tissue will allow more photons to pass through it and the 
higher density bone will transmit fewer low energy photons than high-energy photons. The 
ratio of these energy counts allows for the determination of the amount of tissue and bone.  
The photon beam of the DEXA device is described as either a pencil beam or a fan beam. The 
pencil beam is a thin beam that passes through the subject horizontally, slowly moving from 
head to foot down the patient in a rectilinear motion. The fan beam passes vertically down the 
patient, with the beam of photons fanned out to the width of the patient. A scan performed 
with a fan beam is much faster than that of a pencil beam. 
Prior to the commencement of each day of scanning the DEXA is calibrated with a “standard” 
which is a brick made up of tissue equivalent material and contains three bone simulating 
chambers of known bone mineral content. For quality control purposes an aluminium phantom 
spine is also scanned the results of this scan are recorded everyday and when the values for 
this scan start to deviate (i.e. become more than 2 standard deviations from the mean), the 
machine is considered unreliable and maintenance of the device takes place. 
Based on results this reliability testing, the coefficients of variation for the measurement of 
body composition for the machine used in the present study are as follows: 
Total body mass   0.224% 
Fat mass               3.66% 
Fat free mass        0.384% 
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The total body scan gives a measure of bone density (g/cm
2
), bone mineral content (g), % fat, 
tissue (g) (which includes fat and lean), fat (g) and lean (or fat free mass) (g). As DEXA can 
only distinguish between fat and fat free mass, lean mass is considered to consist of muscle, 
organs, connective tissue, blood vessels and the skin (199). In order to assess composition at 
specific parts of the body, the output can be analysed using a semi-automatic process using 
manual placement of regions of interest (ROI) over the required parts of the scan.  
In order to determine the composition of the lower limb, each leg can be divided into two 
ROI, see Figure 2.4. 
To assess the thigh region (this includes the quadriceps, hamstrings and the surrounding 
tissue), the ROI should begin at the lower border of the ischial tuberosity and encompass the 
femoral shaft. Care should be taken to ensure that the entire tissue surface of the limb is 
included and that the fingers are excluded from the ROI. In order to assess lean mass of the 
calf, the ROI should begin at the line of the knee joint above lateral and medial condyles of 
the tibia and finish at the line of the ankle joint.  
2.6.2 Strain gauge plethysmography 
As previously mentioned in Chapter 1 the calf muscle pump plays a vital role in preserving 
orthostatic tolerance. The use of plethysmography can allow for the examination of the 
integrity of the muscle pump by assessing changes in blood volume during the contraction of 
the calf muscle. 
A number of plethysmography techniques can be used to assess the integrity of the skeletal 
muscle pump, these include the use of air, water or mercury in Silastic strain gauges. The data 
reported in this thesis were obtained using mercury in-Silas
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Figure 2.4. DEXA outputs indicating ROI. 
The Mercury in-Silastic strain gauge is a device predominantly used to determine blood 
volume in limbs. The device achieves this by measuring changes in the cross sectional area of 
the limb. The device consists of a fine silicone rubber tube filled with mercury and sealed at 
the ends with copper plugs which are in contact with the mercury to allow for an electrical 
signal to pass through them. Changes in the electrical resistance between the copper plugs are 
proportional to changes in limb cross sectional area (201). 
2.6.3 Measurement of ejection fraction  
When the calf muscles contract, the contracting muscles compress the surrounding blood 
vessels and squeeze blood out of the veins in an upward direction (169). The amount of blood 
ejected during the contraction can be determined using the Mercury in-Silastic strain gauge 
and is termed the ejected volume (EV). This is typically expressed as a percentage of the initial 
amount of blood pooled in the leg following standing and is termed the ejection fraction (EF). 
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In order to determine the EF, firstly the amount of blood pooled in the leg needs to be 
calculated. For this the subject begins in a supine position with the leg elevated approximately 
25-30 cm above the bench top with the knee bent and the leg abducted to facilitate venous 
blood drainage from the leg. The leg should be supported at the ankle and supported laterally 
to ensure that the leg remained in a relaxed state (see Figure 2.5). A minimum calf volume 
measurement is taken from the empty leg. 
Figure 2.5. Subject in position with strain gauge around calf and occlusion cuff around thigh. 
The subject then assumes an upright position. All weight bearing should be maintained on the 
limb contralateral to the limb fitted with the gauge. Subjects use a walking frame or similar to 
maintain balance, the tip of the toes can be placed on the ground for stability but this should 
just be resting on the ground and not be weight bearing. This standing position allows for 
blood to fill the leg and gives a measure of maximum blood volume in the calf, termed the 
Venous Volume (VV). Once a maximum plateau is reached, subjects then perform a single 
tiptoe movement during which weight is evenly distributed on both legs. Immediately after the 
movement subjects should remove the weight from the leg that is under investigation to allow 
the limbs to refill. The tiptoe movement causes the calf circumference to decrease initially 
with the contraction due to the momentary shortening of the muscle, then calf circumference 
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decreases due to the amount of volume ejected by the muscle pump, this is the EV. The EF is 
calculated by EF = EV/VV x 100%. 
Subject position and the typical trace produced by this method are outlined in Figure 2.6. 
Figure 2.6. Subject position and output generated from the EF analysis. Adapted from 
Engelhorn et al., 2003 (54). 
2.6.4 Diagnostic ultrasound 
Diagnostic ultrasound is used clinically to diagnose structural changes in tissues and organs. 
Ultrasound is an imaging technique that uses short pulses of sound transmitted into the body. 
The image is derived by the reflection and scattering of the transmitted ultrasound pulses 
transmitted back to the probe head (205). Successive pulses of ultrasound waves are 
transmitted from adjacent lines of sight through the field of view. As the ultrasound beam 
passes through tissues (of different densities) the beam is absorbed, reflected or scattered. The 
transducer detects the echo of these reflected pulses and derives the image from the returned 
pulse. The time taken for the echo to reach the transducer determines the depth of the tissue 
imaged (205). 
Attenuation is a factor in obtaining quality images, and is affected by the frequency of the 
sound waves, the higher the frequency the greater the attenuation. Higher frequencies also 
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produce better image resolution and therefore transducer frequencies of >7MHz are used to 
image superficial regions and transducer frequencies of <5MHz are used for large organs 
(205). 
The popliteal vein is a large vein in the lower limb and thus may be responsible for a large 
amount of the blood pooling associated with orthostatic stress. The technique for imaging the 
popliteal vein (located in the popliteal fossa) is outlined by Zwiebel, 2005 (209). This can be 
performed with the subject lying on their side or standing up. The probe is placed at the 
popliteal fossa to allow for reproducible positioning. See Figure 2.7 for subject and probe 
positioning. For the typical image produced from this scan see Figure 2.8. 
a)                                                                            b) 
Figure 2.7. a) subject in position for ultrasound with ultrasound device in background, b) 
probe placement on subject’s leg. 
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Figure 2.8. Typical image of longitudinal section of popliteal vein. Yellow arrow indicates the 
diameter of the vein. 
2.6.5 Measurement of vascular elasticity 
Through the use of strain gauge plethysmography in combination with venous occlusion an 
index of venous elasticity (K) can be obtained by using a pressure/volume curve (31, 69). The 
pressure/volume curve has been shown to be well correlated to changes in vascular 
distensibility and thus is believed to be a reliable method for assessing the compliance and 
elasticity of blood vessels . 
In order to generate a pressure/volume curve an occlusion cuff is placed around the thigh, just 
above the knee (see Figure 2.5). The protocol for the cuff inflation has been described in 
deGroot et al., 2005 (49). During this protocol the occlusion cuff is inflated to 4 pressures (20, 
40, 60 & 80 mmHg) which are sustained for 2, 3, 4 & 5 min respectively. This protocol with 
short duration inflations is designed to minimise capillary filtration so that calf compliance is 
mainly affected by venous filling. Between each occlusion there is a 1 min release of the 
pressure to allow for a new baseline to be established and to prevent oedema (49).  
The volume trace from the strain gauge is monitored at each inflation pressure. When the 
volume trace reaches a plateau it is assumed that venous pressure = cuff pressure for each 
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pressure increment and it is at this point that each volume measurement is taken. Figure 2.9 
shows a typical trace generated from four cuff inflations, 20, 40, 60 and 80 mmHg. 
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Figure 2.9. Volume trace for occlusion cuff pressure, 20, 40, 60 and 80 mmHg. 
Prior to commencing measurement the leg is emptied by elevating it above the level of the 
bench, see Figure 2.5.When the leg empties the veins almost collapse and form an oval shape. 
As the veins refill they become more circular. Thus, at low pressures venous filling is 
associated with the filling of the vein, whereas at high pressures filling is more associated 
with the stretch of the vessel (31). Figure 2.10 shows the theoretical change in vein shape. 
Figure 2.10. Pressure/volume curve and theoretical changes in vein size. Adapted from 
Clarke et al., 1989 (31). 
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Figure 2.11 shows the typical pressure volume curve generated from the peaks of the 
waveform of each pressure in Figure 2.9. 
Figure 2.11. Pressure volume curve generated from venous occlusion plethysmography. 
The elastic modulus (K) is defined as the change in stress/the change in strain, where stress is 
the change in pressure (∆P) (i.e. force per unit area) and strain is the increase in volume per 
unit volume (∆V/Vo) (31). The term elastic modulus refers to the ability of the vein to resist 
stretching; therefore a vein with a high elastic modulus will require more force to stretch it 
and is therefore less compliant. 
In order to calculate the elastic modulus (K) the gradient of the linear (or upper) part of the 
pressure volume curve is used (see Figure 2.12). At this point the veins are assumed to in 
circular cross section and thus the veins are full and potentially exhibiting some stretch, thus 
this part of the curve gives the point where the veins are demonstrating their elasticity. K is 
calculated by: 
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Where: 
∆P= the change in pressure 
∆V = the change in volume 
Vo = the theoretical initial volume of the linear gradient of the curve.  
See Figure 2.12 for the determination of Vo. 
Figure 2.12. Calculation of elastic modulus from pressure volume curve. Adapted from 
Clarke et al., 1989 (31). 
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Acute Cardiovascular Adaptation to Ten 
Consecutive Episodes of Head-Up Tilt 
 
 
 
 
 
 
 
 
 
Adapted from: Aviat Space Environ Med, 2006, 77(5):494-499. 
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3.1 Introduction 
Previous studies have demonstrated that the CVS can adapt to repeated and/or constant 
exposures to altered gravitational conditions (4, 36, 108, 143).  
In the high +Gz environment, long-term adaptive cardiovascular changes in response to 
repeated exposure to hypergravity have been observed in pilots of high performance aircraft 
(38, 143). Cardiovascular adaptation is also observed in astronauts following prolonged 
exposure to microgravity, specifically, cardiovascular de-conditioning that leads to symptoms 
of orthostatic intolerance upon return to the Earth’s gravity (4, 108). One of the mechanisms 
underlying these changes is believed to be alterations in baroreflex sensitivity (BRS) (36, 62). 
These long-term adaptive changes are well documented (36, 61, 63, 143), but little is known 
as to whether any adaptation can occur acutely to provide some short-term protective benefits 
against the cardiovascular effects of +Gz acceleration (43, 192). 
Repeated tilting has previously been used acutely to induce pre-syncope (15) or to obtain 
reproducible changes in cerebral perfusion pressure (92), and also chronically over a number 
of months as a treatment for neurocardiogenic syncope or orthostatic intolerance (52). 
However, this technique is yet to be used acutely to investigate cardiovascular adaptation to 
repeated exposures to +Gz. If adaptation is observed with repeated tilting, this could provide 
information as to how the CVS adapts to a number of exposure to +Gz acceleration over a 
short period of time, such as during air combat manoeuvring. 
As part of our ongoing investigation into cardiovascular regulation and performance under 
orthostatic and accelerative stress, the present study aimed to investigate two aspects of 
cardiovascular function: 1) whether the CVS can adapt to an acute, short-term repetitive 
orthostatic stress generated by ten +75º HUTs and 2) If so, whether the underlying 
mechanism of this adaptation is an alteration in baroreflex sensitivity as documented in 
studies investigating long-term changes. 
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3.2 Methods 
This study was conducted in the Aerospace Physiology Laboratory (APL), RMIT University, 
Bundoora, and was approved by the RMIT University Human Research Ethics Committee 
(HREC). All subjects were given a copy of a plain language statement (Appendix 3) and gave 
their written, informed consent to participate in the study (Appendix 1). In addition subjects 
were required to fill out a Cardiovascular Risk Questionnaire (Appendix 2) to complete. 
The subject pool consisted of 14 healthy, non-smoking, normotensive subjects (7 females and 
7 males), who were recruited from the staff/student population of RMIT University and also 
from the general public. Subjects had average fitness levels (as determined by VO2 max test) 
and were not taking any prescription medication, with the exception of 4 females who were 
taking oral contraceptives. The characteristics of the subjects are summarized in Table 3.1. 
Variable  
N 7 males, 7 females 
Height (cm) 170.7 ± 11.1 
Weight (kg) 71.2 ± 13.3 
Age (years) 27.8 ± 5.7 
VO2 peak 
(ml/min/kg BM) 
39.8 ± 8.0 
Table 3.1. Subject Characteristics (mean ± SD). 
Instrumentation and data acquisition 
The APL’s tilt table was used to provide the orthostatic challenge. The tilt table used in the 
present studies was custom built for the Aerospace Physiology Laboratory by the Technical 
Services Unit at RMIT University. This table was manually operated and subjects were 
supported on the table via a modified ejection seat harness (Martin-Baker Aircraft, Denham, 
UK) as pictured in Figure 3.1. For a +75° tilt the onset rate for this tilt table is 1-2s.  
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Figure 3.1. Subject on tilt table with ejection seat harness support, tilted to an angle of +75°. 
BP and HR were measured non-invasively with a Portapres™ BP monitor (TNO-TPD 
Biomedical Instrumentation, Amsterdam, The Netherlands). Subjects were connected to the 
Portapres™ by means of inflatable finger cuffs that were fitted to the index and middle 
fingers on the right hand. The Portapres™ had a hydrostatic height correction system which 
allows the hand to be placed in a comfortable position for the subject, while still recording 
heart-level pressure. 
The Portapres™ was interfaced with an eight-channel MacLab™ digital chart recording 
system (ADInstruments, Castle Hill, NSW, AUS). MacLab Chart (v3.6.8) was used for data 
capture and analysis. 
Stroke volume (SV) and cardiac output (CO) were determined non-invasively via IC, using an 
Ambulatory Impedance Monitor (AIM) (Bio-Impedance Technology Inc, Chapel Hill, USA)
1
. 
This device determines SV based on the Kubicek equation (107). The positioning of electrodes 
differs between each impedance device, the set up of the AIM involves two band electrodes 
and three dot electrodes. For placement of these electrodes see Figure 3.2. The electrical 
                                                
1
 The AIM used in the present studies was an ambulatory version of the traditional bioimpedance devices, the 
ambulatory devices have been shown to have the same strengths and limitations of the traditional impedance 
devices and therefore should be able to report valid relative change values for SV and CO (177). 
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current is applied through electrodes 1 & 4; band electrodes 2 & 3 measure the voltage change. 
Electrode 5 is the positive ECG electrode. 
Figure 3.2. Placement of electrodes for the Impedance Cardiograph. 
The AIM collects cardiovascular data in ensemble averages (EA). This averaging technique is 
used to reduce electrical noise and give clearer, more accurate data (142). The experimenter 
specifies the duration of and the time between each EA. For the purposes of this trial each EA 
was 10s in duration with a 5s interval between each EA. 
Electrical activity of the rectus femoris muscle on both legs was measured using surface 
electromyography (sEMG) to ensure subjects did not tense their leg muscles during the tilt 
phase, for electrode placement see Figure 2.3. 
Integrated cardiac BRS was analysed using the ∆HR/∆MAP ratio during early Phase II of the 
VM, using methods described previously in Chapter 2 (119). Subjects were required to 
maintain a constant expiration pressure of 30 mmHg for a period of 15s. This was repeated in 
triplicate with a 2 min rest period between each VM as outlined by Luster et al., 1996 (119), 
this was performed in triplicate with a 2 minute rest period between each trial and averaged to 
Band electrode 
Dot electrode 
1 
2 
3 
4 5 
1. Electrode behind ear at mastoid process 
2. Band at base of neck 
3. Band around thorax 
4. Electrode at lower right rib cage 
5. ECG electrode at lower left rib cage 
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give a single figure for integrated cardiac BRS (119). The mouthpiece for the VM had a small 
air leak to ensure that the glottis remained open. 
Experimental protocol 
Subjects were required to visit the laboratory on two separate occasions, at least 7 days apart. 
The first visit was for familiarization purposes. Subjects were required to undergo a VO2 max 
test on an electronically- braked cycle ergometer (Lode, Gronigen, The Netherlands). The 
VO2 max test was conducted in order to select participants who were not aerobically trained. 
VO2 max was measured using a Quark B
2
 metabolic cart (Cosmed, Rome, Italy). The protocol 
began at a 100W workload for males and at a 50W workload for females and increased in 
25W increments every minute until volitional exhaustion, characterized by muscle and/or 
respiratory fatigue. Due to the need for subjects to be untrained, only individuals who had a 
VO2 max <50 ml/min/kg were selected for participation in the studies. 
Females had a slightly lower VO2 max than males (35.28 ± 6.0 for females compared to 43.67 
± 7.07 for males). This is expected and both genders are within the ‘average’ range (174). 
Subjects were orientated to the instrumentation, VM and tilting protocols on the same day. 
At least 7 days following the familiarization session, subjects returned to the laboratory for 
the experimental trial. Subjects were instrumented with the Portapres™ and the AIM. 
Measurements from the Portapres were validated using a manual sphygmomanometer prior 
to the commencement of data collection, if measurements were not within the accepted ± 5 
mmHg range, the steps outlined in Chapter 2 were employed to obtain an adequate 
measurement. Once instrumented with the Portapres™ and impedance cardiograph subjects 
were strapped onto the tilt table. They then performed three VMs in the supine position.  
The repeated HUT protocol commenced with a 5 min supine period, during which the subject 
lay quietly on the tilt table. At the 5 min mark subjects were tilted to an angle of +75° head-up 
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with an onset rate of 1-2s, and remained in this position for a period of 2 min. Subjects were 
instructed not to tense their legs during the tilt phase and the sEMG signal was constantly 
monitored to ensure that subjects complied with this request. After 2 min of tilt subjects were 
returned to the supine position and began another 5 min in the supine position. This was 
repeated for a total of 10 HUTs lasting for a total period of 70 min.  
At the completion of the 10 HUTs, subjects had a further 5 min supine period before 
performing an additional three supine VMs. 
Statistical Analysis 
The following cardiovascular variables were determined throughout each supine and tilt 
period for the 10 HUTs: HR, SBP, DBP, MAP (calculated by MAP = DBP + (SBP-DBP)/3), 
SV, CO, TPR. Integrated cardiac BRS was assessed prior to and at the conclusion of the 
tilting protocol.  
BP and HR data that were recorded on the MacLab™ were averaged in 30s blocks and 
tabulated in Microsoft Excel™. 
Each EA collected by the AIM device for the determination of HR, CO and SV was match to 
the corresponding BP data recorded on the MacLab™ in order to calculate TPR via the 
equation TPR = MAP/CO. 
The data were divided into a supine period and a tilt period for each HUT. The supine period 
consisted of the 30s immediately prior to tilt, while the tilt period consisted of the first 30s of 
the HUT. 
The first 30s of the tilting data were used for two main reasons, 1) the current study was 
primarily designed to measure the immediate response to tilt, i.e. the first 30s; and secondly 2) 
to minimize the chances of pre-syncopal symptoms. It has been established that baroreflex 
responses are almost completed within 10s of an orthostatic stimulus, and that most 
cardiovascular parameters have returned to baseline levels within 30s (185). 
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The supine and tilt periods for HUT 5 and HUT10 were compared with those of HUT1 using 
repeated measures ANOVA with Bonferroni adjusted pairwise comparisons in SPSS for 
Windows software (v.12). Significance was accepted when p<0.05. The physiological 
responses to head-up tilting are outlined in more detail in Chapters 2-4. As the responses 
observed in this study are very typical of this orthostatic challenge, statistical data comparing 
supine to tilting will not be reported in this analysis. 
3.3 Results 
Statistical analysis revealed no differences in the gender responses to the repeated tilting and 
as such the data were pooled. 
On analysis of the ∆HR/∆MAP of the early phase II of the VM, no significant difference 
between pre-tilting (-0.82 ± 0.4) and post-tilting (-0.72 ± 0.31) integrated cardiac BRS was 
observed (p=0.285).  
Figure 3.3 shows the cardiovascular responses for HUT1, HUT5 and HUT10.  
Change in cardiovascular response from HUT 1 to HUT 5 
Following HUT5 there were no significant differences in the supine response for HR 
(p=0.604), SBP (p=0.836), DBP (+4%, p=0.058), TPR (+17%, p=0.056) or MAP (+2%, 
p=0.177). During the tilt period at HUT5 there was a significant increase in DBP (+10%, 
p=0.048), TPR (+22%, p=0.021) and MAP (+11%, p=0.05). However there were no 
significant differences in HR (p=0.515) or SBP (p=0.241). 
There was a decrease in CO and SV for both the supine and tilt periods at HUT5 relative to 
HUT1. At HUT5 supine and tilting CO was significantly decreased (-15%, p=0.013, -14%, 
p=0.034, respectively), supine SV was also significantly decreased at HUT5 relative to  
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HUT 1 (-11%, p=0.018), however at HUT5 the tilt period for SV was not significantly 
decreased (-14%, p=0.063). 
Change in cardiovascular response from HUT 1 to HUT 10 
There continued to be no significant differences in supine or tilting HR (supine p= 0.641; tilt 
p= 0.515) or supine or tilting SBP at HUT10 relative to HUT1 (supine p=0.129; tilting 
p=0.067). 
There was an increase in both the supine and tilt period values for DBP, MAP and TPR 
following 10 head-up tilts. After HUT10, supine DBP was significantly greater than that at 
HUT1 (+15%, p=0.002). The DBP tilt period was also significantly increased at HUT10 
relative to HUT1 (+20%, p=0.009). The supine period for MAP significantly increased at 
HUT10 relative to HUT1 (+12%, p=0.009) and the MAP tilt period was also significantly 
greater after ten tilts (+18%, p=0.011). Relative to HUT1 supine TPR was increased by 32% 
at HUT10, however, this was not significant (p=0.059). The tilt period for TPR was 
significantly greater at HUT10 relative to HUT1 (+26%, p=0.001).  
At HUT10 the supine period for CO was significantly less than HUT1 (-19%, p=0.005). The 
tilt period for CO decreased by 17% at HUT10 relative to HUT1 however this difference was 
not significant (p=0.057). The supine period for SV at HUT10 was significantly decreased 
relative to HUT1 (-21%, p<0.001). The tilt period for SV at HUT10 was 19% less than that at 
HUT1 however this decrease was not significant (p=0.123). 
Subjective responses to tilting 
Following each tilt, upon being returned to the supine position, subjects were asked to report 
how they were feeling. A list of symptoms was read out to them (dizziness, nausea, blurry 
vision, headache and disorientation) and subjects were asked if they felt any signs of these 
symptoms. In addition subjects were asked to rate how they felt generally 
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This was conducted as it was believed that subjects who had an adverse response to the tilting 
may experience a lessening of these symptoms with repetitive tilting i.e. a subjective 
indication of adaptation. Table 3.2 shows the incidences of adverse reactions to each HUT. 
Results of the subject responses to the repeated tilting show that most reactions were 
associated with subjects feeling lightheaded and nauseous. This is most likely a motion 
sickness response to the tilting. 
Symptom HUT1 HUT2 HUT3 HUT4 HUT5 HUT6 HUT7 HUT8 HUT9 HUT10 
Light headed 2 3 3 3 4 3 4 3 2 3 
Nausea 1 1 2 3 3 4 4 4 4 4 
Blurred 
vision 
1 0 1 1 3 4 4 5 2 3 
Headache 0 0 0 1 1 1 1 1 1 1 
Disorientation 0 0 0 0 0 0 0 0 1 1 
 
Table 3.2. Number of subjects reporting an adverse event during each HUT. Data presented 
corresponds to the number of subjects at each tilt that reported each event. 
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Figure 3.3. Average response to repeated +75º HUT for all cardiovascular variables (mean ± 
SD) for HUT1, HUT5 and HUT10. Data are presented as supine (average of the final 30s of 
resting) and Tilt (average of the first 30s of tilt phase). * = significant difference (p<0.05) 
relative to HUT1 supine, † = significant difference (p<0.05) relative to HUT1 tilt. 
* 
† 
 
* *
 79 
3.4 Discussion 
The results of this study suggest that following the repetitive orthostatic stress of +75° HUT 
the CVS can adapt in order to improve subsequent responses to orthostasis. The main variable 
that is affected is MAP, which is significantly increased at supine and in response to tilt by 
HUT10 relative to HUT 1. The observed improvement in MAP appears to be driven largely 
by an improvement in vascular resistance rather than a change in baroreflex sensitivity such 
as that observed in long term adaptations to +Gz. 
Following HUT1 all cardiovascular variables demonstrated the standard, well-documented 
response to passive tilting. When changing posture from supine to upright approximately 500 
ml of blood is translocated to the legs and between 200-300 ml is pooled in the pelvic region 
(16, 24). This peripheral pooling results in a decreased venous return and subsequent 
reductions in SBP, DBP, SV, CO and consequently MAP. This fall in BP initiates the 
activation of the baroreflexes which in turn results in compensatory increases in HR and TPR 
to drive MAP back to resting levels (16, 137, 162). MAP is the key regulated variable of the 
CVS, and its tight control is essential for the maintenance of cerebral perfusion and 
consciousness under the effect of gravity. 
A number of changes in the cardiovascular response to HUT were observed following the 
repeated tilting protocol. At HUT 5 there was a significant increase in supine DBP, TPR and 
subsequently MAP, there was also a significant decrease in supine and tilting CO and supine 
SV. HUT5 is the point where most variables started to demonstrate a significant change 
relative to HUT1, however these changes are only observed in the supine period at this time 
point and are not yet carried over to the tilt period. 
At HUT10, an increase in the tilt period TPR response is observed relative to HUT1. There is 
a similar increase in DBP. The concurrent increases in both TPR and DBP are to be expected, 
since DBP is the pressure associated with the filling phase of the cardiac cycle, thus reflecting 
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the state of peripheral vascular tone (143). Collectively, these changes lead to an increase in 
both the supine and tilt period MAP values.  
Figure 3.3 shows that the baseline position of these variables has shifted from HUT1 to 
HUT10. The CVS thus starts HUT10 in a physiologically different position than that in 
evidence at HUT1. This shift in position is protective, in terms of maintaining MAP after a 
series of repetitive orthostatic challenges. The dominant underlying feature of this protective 
adaptation is an increase in vascular resistance from HUT1 to HUT10, as reflected in 
increases in both DBP and TPR. In overall terms, it is evident that after ten HUTs, the CVS 
has become better able to defend itself against the adverse consequences of rapidly applied 
hydrostatic force. 
Clearly the arterial baroreflexes will facilitate vascular constriction, in response to the acute 
deactivation of the carotid and aortic baroreceptors; however the results of the present study 
demonstrated no change in integrated cardiac baroreflex sensitivity. This therefore suggests 
that the contraction of the vasculature associated with baroreflex activation is still occurring 
and that the 5 minutes supine period following the tilt is insufficient to allow a full return to 
baseline before the next tilt occurs thus causes a progressive increase in TPR. 
Arterial baroreflex activity was not directly measured in this study, and the integrated cardiac 
baroreflex sensitivity that was assessed (and found to not change) is a global, somewhat non-
specific index of baroreflex sensitivity. There may well have been changes in the cardiac-
aortic, cardiac-carotid or cardiopulmonary baroreflex responses that are not revealed by the 
assessment of integrated BRS via the VM technique. This technique thus introduces some 
methodological limitations into this study, in terms of fully assessing baroreflex function. 
However, what is clear is that in global terms, integrated cardiac baroreflex sensitivity did not 
change at all in this study.  
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A similar effect occurs in the determination of TPR, which in this study is a non-invasive 
determination of overall whole body vascular resistance. It is not region specific and is an 
indirect assessment of what is happening to the peripheral vasculature. 
The VM-based technique of assessing integrated cardiac BRS has been used in several 
studies. Convertino et al., 2003 (43) used repeated baroreceptor loading via a series of 
repeated VMs in an attempt to alter baroreflex sensitivity as a potential countermeasure for 
orthostatic hypotension. The ∆HR/∆MAP ratio from early phase II of the VM was assessed to 
determine integrated cardiac baroreflex sensitivity at 1, 3, 6 and 24 hr after a series of 
repeated VMs. They found that the greatest increases in BRS were seen at 1 and 3 hours after 
the repeated VMs. However, changes in BRS were not determined immediately following the 
VM protocol. The current study used repeated baroreceptor unloading, via the repeated tilting 
protocol, and found that integrated cardiac BRS had not changed within 5 min of the 10 HUT 
protocol. 
Similarly, Schlegal et al., 2003 (164) investigated whether a single 30 min exposure to +3 Gz 
would cause alterations in baroreflex function and orthostatic tolerance. BRS was also 
assessed using the VM technique, approximately 30 min after the +Gz exposure, and 
orthostatic tolerance was assessed using a 30 min +80° HUT. The results of this study 
demonstrated that the exposure to a single, acute bout of increased +Gz can increase both 
integrated cardiac BRS and orthostatic tolerance. 
Urquhart et al., 2004 (192) used repeated tilting to examine the effect of an acute about of 
+Gz on cardiovascular function. The protocol involved a repetitive series of transitions from 
head-down tilt to head-up tilt. This study produced similar results to the present study in that 
BP and TPR were increased following the ten tilts. 
Repeated tilting has also been used as a tool for long-term cardiovascular adaptation. A 
number of studies have used ‘tilt-training’ over a number of days to improve orthostatic 
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tolerance in those who suffer from neurocardiogenic syncope (154). These patients were 
exposed to a 45-90 min 60° HUT, or self-training at home by standing 15 cm from a wall and 
leaning back for a period of 30 min. The results from these studies indicate that by exposing 
the CVS to a daily HUT the tilt tolerance of subjects was significantly improved and in a 
number of cases, after 15 months, the symptoms of orthostatic intolerance had all but 
disappeared (154). 
The CVS is highly adaptable to repeated and/or constant exposure to altered gravitational 
conditions such as the microgravity of space flight (63, 146, 207) and hypergravity experience 
whilst flying high performance aircraft (36, 114, 143, 190).  
These well-described long-term adaptive changes to variable +Gz environments are both due 
in part to alterations in baroreflex sensitivity. The results of the present study demonstrate that 
during short-term repeated exposures to low +Gz i.e. +75
0
 HUT, it is not baroreflex 
sensitivity changes that lead to cardiovascular adaptation but rather, changes in vascular 
resistance. 
Modification of the tilting protocol may alter these findings. According to Convertino et al., 
1998 (36) the rate of onset of acceleration may affect the training response. Using a 
centrifuge, it was observed that baroreflex function in subjects trained with rapid onset +Gz 
was greater then those who underwent gradual onset training (36). The same principles may 
be applied to acute adaptation in repetitive tilting, where changes in the speed of transition 
from supine to tilt to supine, the length of the supine period or the tilt period and the angle of 
tilt may alter the response. 
Based on the findings of this study, it may be possible that the tolerance to the cardiovascular 
effects of gravity for pilots in a high +Gz environment may be better at the end of a series of 
manoeuvres relative to that pre-flight, which may give a scientific basis for the G warm-up 
manoeuvre. The G warm-up manoeuvre, which pilots routinely perform prior to flying at high 
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G, involves pulling G, whilst wearing a G-suit but without performing the Anti-G Straining 
Manoeuvre until a small amount of peripheral vision is lost. Anecdotally, it is believed that 
the G warm-up manoeuvre ‘primes’ the baroreflex to better protect against the physiological 
effects of ensuing +Gz. However, the results of this study suggest that it is an increase in 
vascular resistance induced by repetitive orthostatic challenge rather than a change in 
baroreflex sensitivity that may be the underlying mechanism of the G warm-up manoeuvre. 
This clearly warrants more research. 
The results of this study have potential implications for researchers using multiple tilts to 
evaluate cardiovascular function. While 2 or 3 tilts may not cause a problem, it would appear 
from the results of this experiment that any number of tilts greater than 5 would have a 
progressive impact on cardiovascular function through the development of short-term 
adaptation. The time between tilts, and the number of tilts used, are thus important 
methodological considerations. 
In conclusion, this study demonstrated that the acute repeated orthostatic stress provided by 
+75° HUT is sufficient to elicit an acute adaptation of the CVS, leading to the subsequent 
improved response to orthostasis. This is manifested in an increase in both supine MAP and 
the response of MAP to tilt, due to an increase in the TPR response to the repeated orthostatic 
stimulus. These results may help to validate some basic principles of cardiovascular 
regulation, such as the underlying mechanism of ‘G-training’ and the G warm-up manoeuvre. 
However, a great deal more work, particularly in a high +Gz environment needs to be 
conducted. 
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Squat-Stand Test Response Following Ten 
Consecutive Episodes of Head-Up Tilt 
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4.1 Introduction 
The CVS is known to be highly adaptable. In the face of altered gravitational conditions such 
as micro- and hyper-gravity it has been shown that the CVS, can adapt to by resetting the 
baroreflex to allow for ongoing and maintained cerebral perfusion (4, 36, 108, 143). 
The adaptations to hypergravity often occur after multiple exposures to +Gz acceleration over 
a number of days. However, previous work has also demonstrated that the CVS can adapt 
acutely to cardiovascular stress such as a single exposure to high +Gz (164), repeated 
baroreceptor loading via the Valsalva manoeuvre (43), and to repeated exposures to +1 Gz 
acceleration (via head-up tilt, HUT) in a single day (13), as outlined in Chapter 4. 
The phenomenon of G-training is well documented (36, 38, 143, 190). The study outlined in 
the previous chapter demonstrated that ‘tilt-training’ i.e., repeated exposures to HUT, may 
also act to improve the CVS responses to orthostasis (13). This improvement in 
cardiovascular regulation was manifested by a greater ability to maintain mean arterial 
pressure (MAP) in the face of an orthostatic challenge. This change in MAP is bought about 
by an increase in vascular resistance (13) rather than changes in baroreflex sensitivity, which 
appears to be the underlying mechanism of long term adaptations to +Gz (36, 143). However, 
it has yet to be shown if these improvements confer benefit to a different orthostatic 
challenge, such as the squat-stand test (SST). 
The SST has been shown to be a more exaggerated acute orthostatic challenge to the CVS 
than the head-up tilt (HUT) (156). The CVS compensatory response to the SST is primarily 
driven by calf muscle pump function and vascular resistance. 
As our and other previous research has shown that repeated tilting has the potential to 
increase vascular resistance (13, 192), and the CVS response to the SST is dependant on 
vascular tone (44), the present study aimed to test the hypothesis that the increase in vascular 
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resistance brought on by ten +75° HUTs would improve the initial cardiovascular responses 
to the SST. 
4.2 Methods 
This study was conducted in the Aerospace Physiology Laboratory (APL) at RMIT 
University, Bundoora, and was approved by the University Human Research Ethics 
Committee (HREC).  
All subjects were given a copy of a plain language statement (Appendix 4) and gave their 
written, informed consent to participate in the study (Appendix 1). In addition subjects were 
required to fill out a Cardiovascular Risk Questionnaire (Appendix 2). 
The subject pool was recruited from the staff and student population of RMIT University and 
from the general public and consisted of 16 healthy, non smoking, normotensive individuals. 
After recruitment subjects were randomly allocated into one of two groups; 1. the TILTING 
group, who underwent 70-min of the repeated tilting protocol (to be described subsequently); 
and, 2. the CONTROL group who underwent a 70-min period of seated rest. 
The characteristics of the subjects are outlined in Table 4.1. Paired samples t-tests revealed no 
significant differences between the groups for age, height and VO2 max. There was a 
significant difference in weight between the tilting and control groups (p=0.038). 
Variable Tilting Group Control Group 
N 4 males, 4 females 4 males, 4 females 
Height (cm) 168.1 ± 13.8 175.7 ± 12.7 
Weight (kg) 67.0 ± 9.4 76.3 ± 12.9* 
Age (years) 25.5 ± 6 27.3 ± 6.9 
VO2 peak 
(ml/min/kg BM) 
36.7 ± 7.2 34.8 ± 7.6 
Table 4.1. Subject characteristics, mean ± SD. * = significant difference between tilting 
group and control group (p<0.05). 
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Instrumentation and data acquisition 
The instrumentation used in the present study was the same as that used in the study outlined 
in Chapter 3. These were: the tilt table, the Portapres™, sEMG of the rectus femoris and the 
Impedance Cardiograph. The EA technique for the impedance cardiograph was different to 
that in the study outlined in Chapter 3 in that each EA was 5s in duration with a 5s interval 
between each EA. 
Experimental Protocol 
Subjects were required to visit the laboratory on two separate occasions, at least 7 days apart. 
On the first day, subjects were required to undergo a VO2 max test as outlined in Chapter 3. 
Males in both the Tilting and Control groups had a slightly greater VO2 max (Tilt group 39.4 
± 7.6 ml/min/kg, Control 41.1 ± 3.8 ml/min/kg) than females in both groups (Tilt group 31.3 
± 6.2 ml/min/kg, Control group 28.6 ± 5.2 ml/min/kg). This gender difference is to be 
expected and all values fell within the ‘average’ range for each gender (174). On the same day 
subjects were orientated to the instrumentation, the tilting and SST protocols. 
The SST protocol used in the present study was identical to that of other studies (44, 156), 
where subjects assumed a squatting position, as deeply as possible, for a period of 4 min. At 
the 4 min mark subjects were instructed to stand as rapidly as possible without using the hands 
for assistance and to remain still in an upright position for a further 2 min. During this test 
subjects were instrumented with both the AIM and the Portapres™ for the continuous 
measurement of BP, HR and SV.  
The tilting protocol consisted of ten consecutive +75º HUTs. The protocol commenced with a 
5 min supine rest period followed by a 2 min +75º head-up tilt. However, for the purposes of 
familiarization, subjects were only tilted once. During this familiarization exposure, subjects 
were instrumented with the Portapres™ and the sEMG electrodes. 
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At least 7 days following the familiarization session, subjects returned to the laboratory. Prior 
to testing subjects were required to have abstained from alcohol, caffeine and strenuous 
exercise for 12 hours and to be a minimum of 4 hours postprandial. 
Upon arriving at the laboratory, subjects were instrumented with the Portapres™ and the 
AIM. Measurements from the Portapres were validated using a manual sphygmomanometer 
prior to the commencement of data collection, if measurements were not within the accepted 
± 5 mmHg range, the steps outlined in Chapter 2 were employed to obtain an adequate 
measurement. 
Subjects were rested in a seated position for a period of 3 min and were then asked to stand 
while the AIM was activated, and then instructed to assume the squatting position. The four-
minute “squat” phase began as subjects reached a full squatting position and the 2 min stand 
phase commenced once subjects were fully upright. The first SST test was termed SST1. 
After SST1 subjects allocated to the tilting group were strapped onto the tilt table. AIM data 
were not collected throughout the HUTs, however, subjects continued to wear the Portapres 
to monitor for any pre-syncopal symptoms, and sEMG electrodes were also attached at this 
point. 
The repeated HUT protocol commenced with a 5 min supine period, during which the subject 
lay quietly on the tilt table. At the 5 min mark subjects were tilted to an angle of +75° head-
up, and remained in this position for a period of 2 min. Subjects were instructed not to tense 
their legs during the tilt phase and the sEMG signal was constantly monitored to ensure that 
subjects complied with this request. After 2 min of tilt subjects were returned to the supine 
position. This tilting protocol was repeated for a total of 10 tilts lasting for a total period of 70 
min. At the completion of the 10 tilts, subjects were unstrapped and re-instrumented for the 
second SST. The time taken between the end of the last tilt or the rest period and the start of 
the next SST was on average, 12 min, during which time subjects were in a seated position. 
The protocol for the second SST was the same as SST1, and this test was termed SST 2. 
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Subjects allocated to the control group performed both SST1 and SST2 in the same manner as 
the tilting group, however the 70 min between each SST was spent in a seated position, 
quietly resting without the tilting intervention. During this time subjects were not permitted to 
move around the laboratory and remained seated for the entire 70 min under the supervision 
of the investigator. 
Statistical Analysis 
The following cardiovascular variables were determined in each subject: HR, SBP, DBP, 
MAP, SV, CO and TPR. CO was calculated automatically via the AIM software using the 
equation CO = HR x SV. 
Each EA collected by the AIM for the determination of CO was matched to the BP data 
recorded on the MacLab™ in order to calculate TPR, via the equation TPR = MAP/CO. All 
data were exported into Microsoft Excel™ spreadsheets for subsequent analysis. 
The data for each SST were divided into four time periods: the first was the final 30s of the 
squatting phase and was termed “SQUAT”; the STAND phase was divided into three 
consecutive 10s blocks, the first was termed “STAND10”, the second was termed 
“STAND20” and the third was termed “STAND30”. Only 30s of standing data were used as 
we were primarily concerned with the initial response to standing. It has been shown that the 
baroreflex response occurs within the first 10s of stand and that BP returns to baseline levels 
within 30s (189). 
Each phase of SST1 was compared with the corresponding phase of SST2 within each group 
using a repeated measures ANOVA, followed by post-hoc pairwise comparisons with 
Bonferroni-adjusted significance levels. Significance was accepted at p<0.05. 
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4.3 Results 
Figure 4.1 shows the response of all cardiovascular variables to each SST in both groups. 
There were no between group main effects for any variable, do to large inter-subject variation. 
There were, however significant main effects within the TILTING group that were not present 
in the CONTROL group. There was a significant main effect between SST1 and SST2 in the 
TILTING group for DBP (F(1,7)=7.669, p=0.028), SBP (F(1,7)=9.452, p=0.018), MAP 
(F(1,7)=8.831, p=0.021) and TPR (F(1,5)=60.024, p=0.001), indicating a significant 
difference between SST1 and SST2 that is not evident in the CONTROL group. 
Control Group 
Within the CONTROL group, there were few significant differences between the responses to 
SST1 and SST2. SST2 squat DBP (p=0.036) was significantly greater than SST1; SST2 
Stand30 TPR was higher (p=0.024) and SST2 Stand30 CO was lower (p=0.038) than 
corresponding values for SST1. All other responses were statistically identical between SSTs 
following 70 min of seated rest. 
Tilting Group 
By comparison, following 10 consecutive +75° HUTs, there were significant differences in 
the responses of MAP, SBP, DBP, TPR and HR to SST2 compared with the baseline 
condition (SST1). There was a significant increase in the SQUAT phase for SBP (p=0.007), 
DBP (p=0.008), MAP (p=0.006) and TPR (p=0.023), while HR was significantly decreased 
(p=0.032). 
During the first 10s of standing (STAND10) HR was significantly lower (p=0.05), while DBP 
(p=0.05) and MAP (p=0.05) were significantly greater at SST2 relative to SST1 and TPR was 
19% higher, however this increase was not significant (p=0.186). During the next 10s of 
standing (STAND20) SBP remained significantly greater (p=0.026) during SST2 compared 
with SST1 while there were non-significant increases in DBP (15%, p=0.099), TPR (25%, 
 91 
p=0.256) and MAP (12%, p=0.09). During the next 10s of standing (STAND30) significant 
increases in SBP (p=0.007), DBP (p=0.032) and MAP (p=0.02) were observed in SST2 
compared with SST1, TPR was increased by 28% however this increase was not significant 
(p= 0.102).  
4.4 Discussion 
Previous work in this laboratory has demonstrated that following ten +75° HUTs in 70 min 
the CVS is able to adapt and maintain MAP at a higher level by the tenth tilt. This increase in 
MAP appears to be due to an increase in peripheral vascular resistance (13). Based on the 
results of this work we aimed to investigate if the response to the repeated tilting protocol 
would be carried over to a more severe orthostatic challenge, namely the SST. The results of 
this study suggest that the cardiovascular response to the SST can be improved by repeated 
HUT exposures and it appears to be an increase in peripheral vascular resistance driving this 
improvement. 
As previously mentioned in Chapter 3, upon assuming the squatting position the vasculature 
in the lower limbs is compressed around the hip and knee joints producing what has been 
described as a ‘tourniquet effect’(44). This results in peripheral ischemia in the legs, and an 
increase in BP due to the effect of the static contraction of the leg muscles (44, 156, 185). 
Following 4 min of squatting the next phase of the SST involves rapidly standing and 
assuming a full upright position within 2s. This standing results in a reactive hyperaemia to 
the ischaemic muscles, characterised by a vasodilation and increased peripheral pooling, 
resulting in a reduction in arterial BP greater than 30%, hence the SST is a more exaggerated 
cardiovascular response relative to the HUT (156). 
Passive tilting is a physiologically different orthostatic challenge to that of the SST, the main 
difference being the absence of the skeletal muscle pump in the HUT (185). When tilted, 
blood volume in the legs is increased by approximately 500 ml (16).  
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Figure 4.1. Cardiovascular responses to SST before and after 70 min of repeated tilting 
(tilting group) and after 70 min of rest (control group). Data are presented at mean ± SD. 
* =significant difference between SST1 (■) and SST2 (□), p<0.05. 
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The amount of blood pooled in the legs is dependant on venous tone. In the absence of muscle 
contraction, venous return is restored by activation of the baroreflexes which act to increase 
HR and vascular resistance, thereby restoring MAP to baseline levels (16, 161).  
Following ten +75° HUTs, the cardiovascular responses to the SST are altered. At the end of 
the 4 min SQUAT phase BP (SBP, DBP and MAP) was increased relative to the SST1. Upon 
standing the magnitude of the decrease in BP appears to be the same the same from SST1 to 
SST2 however as BP is increased in the squatting phase at SST2 the absolute value of the 
STAND10 response is elevated. A similar trend is observed in the TPR response, however the 
increase is only significant during the SQUAT phase. At the same time that BP is increased at 
SST2 relative to SST1, HR is significantly decreased in response to the repeated tilting. This 
may be a protective response to prevent an overpressure due to the significant increase in 
vascular resistance, and reflects tight baroreflex control over the operational status of the 
CVS. 
Previous work has demonstrated that the repeated tilting protocol used in this study causes an 
increase in TPR by HUT10 (13). It appears that this increase is carried over to the response to 
the SST. Despite a non-significant increase in standing TPR, there are significant increases in 
DBP which is a reflection of resting vascular tone, suggesting that the reflex vasodilation 
associated with the initial stand response is lessened, or that the stand phase is performed with 
the CVS in a much more protected state due to the persistent effects of 10 HUTs on vascular 
resistance. 
Many studies have demonstrated that the CVS can adapt over multiple days with repeated 
exposures to altered gravitational conditions (4, 36, 108, 143). However, recently there has 
been some investigation on the effect of a short term exposure to cardiovascular stress and its 
impact on orthostatic responses (13, 43, 164, 192). The results of these studies suggest that a 
number of repeated cardiovascular challenges in a short period of time, or a single high +Gz 
exposure such as that of Schlegel et al., 2003 (164) can give some protective benefit to the 
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effects of gravity. In the case of Schlegel et al., 2003 (164) the protective benefit is not 
evident in the initial response to the orthostatic challenge such as that in the present study, but 
is represented as an increase in orthostatic tolerance, i.e. subjects that could not tolerate the 30 
min +80° HUT before the high +Gz exposure were able to complete the 30 min tilt following 
the exposure to +Gz. 
Convertino et al., 1998 (44) used the SST to assess alterations in orthostatic tolerance 
following G-training, this study indicated that the results were reliable and that the SST may 
be a useful research tool, which was also supported by Rickards et al., 2003 (156). 
The results of this study suggest that a series of ten +75° head-up tilts can increase blood 
pressure and leave the CVS in a protected state when exposed to another orthostatic 
challenge. The improvement is manifested as an increase in the SQUAT response to MAP 
and the ability of the CVS to maintain higher MAP following the orthostatic challenge, this 
increase in MAP appears to due to an increase in vascular resistance. 
Based on this, the results of the present study suggest that vascular resistance plays an 
important role in protecting the CVS against orthostatic stress. Therefore it may be of value to 
investigate ways of improving vascular resistance in order to increase tolerance of repetitive 
orthostatic stress.  
It has been shown that we can train to improve orthostatic tolerance. Very long term “tilt 
training” has been shown to all but eliminate neurocardiogenic syncope (154). Whilst the 
benefits of the present study may not be too useful for those who suffer from chronic 
orthostatic intolerance, this study has shown a short-term way to improve orthostatic 
responsiveness which may be of some benefit to this population. 
If a passive challenge such as the HUT can bring about improvements in a much more 
aggressive challenge such as the SST, it poses the question, can we use repeated tilting as a 
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simple, inexpensive ground-based means of improving +Gz tolerance? Whilst it may not be 
feasible for improve aerobatic G-tolerance by performing tilts this study may explain a 
possible benefits of the G-warm up manoeuvre. A number of factors need to be considered 
such as, how long do the protective benefits of the repeated tilting last? Does the same 
number of tilts provide benefit at higher levels of +Gz acceleration, or are more tilts required? 
Will a different onset rate of tilt or different duration in the supine period alter the effects of 
the repeated tilting? More research in a high +Gz environment is clearly required. 
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5 Chapter 5 
 
 
 
 
The Effect of Unilateral and Bilateral Resistance 
Exercise on Blood Pressure and Heart Rate in 
Sedentary Young Males. 
 97 
5.1 Introduction 
Heavy resistance exercise is known to increase muscle mass, bone density, strength and 
muscle power and also reduce body fat (94, 204) in young and elderly populations. For the 
elderly, these and other beneficial effects have the potential to improve mobility, reduce the 
risk factors for falling (27, 94) and improve independence. There is also evidence to suggest 
that resistance exercise can increase glucose tolerance in type 2 diabetics (28). 
Despite these benefits, resistance exercise is also known to cause large acute increases in BP 
(120) and these may pose a risk to certain populations such as those suffering from diabetic 
retinopathy (203) or cardiovascular disease. Even a portion of the healthy resistance training 
population is prone to exertion headaches, which are thought to be triggered by rapid or large 
increases in BP (129). Long-term heavy resistance training has also been reported to increase 
arterial stiffness (14, 105), presumably as a chronic response to the large acute pressure loads 
experienced by the vasculature during each exercise session. For these reasons a resistance 
exercise protocol that causes smaller increases in BP would be desirable and may provide a 
number of health benefits. 
It is believed that the acute elevation in BP associated with resistance exercise is due to a 
number of factors such as an exercise induced pressor response, mechanical compression of 
blood vessels and also the VM (120). There has been significant research investigating how 
resistance exercise affects BP in a laboratory setting (9). It is known that during a single set of 
resistance exercise, BP rises less when one limb is exercised alone than when both are used 
simultaneously (122). However, there is no published data demonstrating the effect of 
performing multiple sets at varying weights, similar to a typical resistance exercise session 
that may be prescribed to a client by a fitness instructor. This information could be valuable in 
aiding exercise physiologists, clinicians and fitness instructors to provide suitable exercise 
programs for vulnerable populations. 
 98 
Therefore, the purpose of this study was to assess the difference in cardiovascular responses 
to bilateral and unilateral leg press exercise using multiple sets and progressively increasing 
loads. 
5.2 Methods 
This study was conducted in the Aerospace Physiology Laboratory (APL), RMIT University, 
and was approved by the RMIT University Human Research Ethics Committee (HREC). 
Each subject provided written and informed consent before participating. 
Subjects 
12 normotensive, sedentary male subjects aged between 18 and 39 years volunteered to 
participate in this study. These subjects were recruited from a larger population of subjects 
who were involved in another study being conducted in the laboratory. Subjects in this larger 
study were already recruited to be training uni- or bilaterally as part of a 10 week lower limb 
resistance training program. Subject characteristics are outlined in the see Table 5.1. 
Independent samples t-tests revealed no significant differences for any of these variables 
between the unilateral and bilateral groups. 
 Uni-lateral Bi-lateral 
Number in group 6 6 
Age (years) 22.8 ± 8.3 23.2 ± 3.7 
Height (cm) 179.5 ± 7.5 178.2 ± 6.8 
Load (kg) 79.1 ± 10.3 73.9 ± 6.1 
VO2 max (ml/min/kg) 36.0 ± 5.9 42.2 ± 6.0 
Table 5.1. Subject characteristics. Values are mean ± SD 
Instrumentation and data acquisition 
BP and HR were measured non-invasively with the Portapres™ Model-2. Resting BP 
recordings on the Portapres™ were validated using a manual sphygmomanometer. Subjects 
were instructed not to hold on to the exercise equipment with the hand that was attached to 
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the Portapres, but were permitted to use the handle of the leg press machine on the other 
side if required for stability. The Portapres™ was interfaced with four-channel Powerlab™ 
digital chart recording system (ADInstruments, Castle Hill, NSW, Australia). Chart5 for 
Windows was used for data capture and analysis. 
Experimental protocol 
We tested our subjects during the fifth week of a 10 week training program that was designed 
to assess the impact of resistance training on cardiovascular function. This study of the acute 
response to a single resistance exercise session was performed at week 5 to ensure that all 
subjects were familiar with heavy resistance exercise. 
The resistance exercise protocol was performed on a commercially available leg press device 
(Universal®, Iowa, USA). Beat-to-beat BP and HR measurements were taken whilst the 
subject performed a seated leg-press. 
The BP measurements were taken on day 1 of week 6 of the resistance training program. On 
day 1 of week 1 of the resistance training program the 1 repetition maximum (1RM) for each 
subject was determined both bilaterally and unilaterally. The initial training load (amount of 
weight placed on the equipment) for each subject was at 80% of 1RM. Over the course of the 
5 weeks of training subjects increased the load as soon as they found it comfortable to 
perform two sets of 12 reps. 
Subjects were instructed to not consume any caffeine for 12 hours prior to visiting the 
gymnasium for testing. Upon arrival at the gymnasium, subjects were seated at the leg press 
apparatus and instructed to keep both feet on the floor. Subjects were then given a 10 min rest 
period, during which time they were instrumented with the Portapres. After the rest period 
was completed subjects remained in a rested state with both feet flat on the floor for a further 
1 min while resting data were captured. 
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The unilateral group commenced exercise with the left leg, rested in a seated position with 
feet flat on the floor for one minute after completing the set and then completed a set with the 
right leg. Subjects then rested for another minute before commencing the next set with the left 
leg. SET1 was performed at approximately 50% of 10-12 RM load (44 ± 10 kg), SET2 was 
performed at approximately 75% of 10-12 RM load (66 ± 11 kg), and SET3 and SET4 were 
performed at 10-12 RM (101 ± 15 kg). The bilateral group trained both legs simultaneously 
following a similar protocol to that of the unilateral group. SET1 was performed at an average 
load of 81 ± 9 kg, SET2 was performed at an average load of 123 ± 14 kg and SET3 and 
SET4 were performed at an average load of 171 ± 18 kg. All sets in the bilateral group were 
separated by a 1 min rest period. 
During the exercise sessions, subjects were encouraged to perform the exercises under normal 
conditions and therefore they were not discouraged from performing a Valsalva manoeuvre as 
they were lifting. Subjects were instructed not to fully extend and lock their knees at the end 
of the concentric phase and not to allow the load to drop fully at the end of the eccentric 
phase. 
Statistical Analysis 
The following variables were measured continuously during each of the four sets of the leg 
press exercise, HR, SBP and DBP. 
The peak value of each variable in each set was taken for analysis. Data were analysed at rest 
and during SETs 1, 2, 3 and 4. As subjects in the unilateral group used the left leg first and 
then followed the same protocol with their right leg, there were no resting data collected 
immediately prior to the commencement of the right leg’s set. 
The final 30s of the resting phase was averaged and defined as REST, the peak value 
(determined from the highest single beat) for each variable was taken from each of the sets. 
This peak typically occurred during the final repetition of each set. Data for each set was 
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compared between the groups using independent samples t-tests, significance was accepted 
when p<0.05. It is very well established that as the training load increases, blood pressure also 
increases (122). BP and HR responses relative to rest will not be reported and data will be 
reported as between group differences within each SET. 
5.3 Results 
Figure 5.1 shows the peak response of each cardiovascular variable to the resistance exercise 
protocol. 
There were no significant differences observed between the groups in the HR response to the 
resistance exercise. 
The systolic blood pressures recorded during bilateral exercise were significantly greater than 
those observed during unilateral exercise in SETs 2, 3 and 4, (left leg: p=0.011, p=0.05 and 
p= 0.021 and right leg: p=0.034, p=0.029 and p=0.011, respectively). There were no 
significant differences in SBP observed at rest or in SET1 between the bilateral group and 
unilateral left leg training (p=0.115 and p=0.593) or between bilateral training and unilateral 
right leg training at SET1 (p=0.078). In addition, there were no significant differences in the 
SBP response to left and right leg exercise. 
DBP was significantly different only between bilateral training and unilateral right leg 
training during SET2 (p=0.036). DBP was not significantly different between groups in any 
other sets.  
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Figure 5.1. Cardiovascular response to bilateral and unilateral weight training (mean ± SD). 
*=significant difference between unilateral left and bilateral within the set (p<0.05), 
#=significant difference between unilateral right and bilateral within the set (p<0.05)  
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5.4 Discussion 
These results quantify the differences in acute BP responses to bilateral and unilateral 
resistance exercise as each might conceivably be employed in commercial resistance training 
facilities. Previously, the acute responses to unilateral and bilateral resistance exercise had 
only been investigated during single sets of each (122, 165). Thus, the possibility remained 
that the longer duration of exercise in the unilateral mode may have reduced the benefits of 
that method in comparison with bilateral exercise. During the unilateral exercise session 
subjects completed one set with the left leg, followed by, after a rest period of 1 min, a set for 
the right leg and were therefore lifting for approximately twice the duration of subjects in the 
bilateral group. However, there were no statistically significant differences in the BP 
responses in the unilateral group between the right and left leg. These results suggest that the 
extended duration of exertion in unilateral resistance exercise has little to no effect on BP 
elevation.  
The differences between the peak systolic pressures during bilateral and unilateral leg press 
exercise were marked. The highest BP experienced by a subject from the bilateral group was 
302/150 mmHg while the maximum reached by a subject in the unilateral group was 219/121 
mmHg. Diastolic pressure responses generally did not differ significantly between the groups 
although the maximum value at SET4 for the unilateral group was, on average, 20 mmHg 
lower than that of the bilateral group. This reduction may be of clinical relevance for 
individuals requiring a lower BP response to resistance exercise. 
There are a number of factors that contribute to acute elevation in BP during resistance 
exercise. One factor is the VM. The VM involves a forced expiration against a closed glottis. 
The VM is routinely performed during lifting to stabilise the trunk and it may serve as a 
protective mechanism for the cerebral vasculature (83, 85, 120). MacDougall et al., 1992 
(120) found that a short duration VM (<3 s) resulted in an increase in both SBP and DBP, 
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however it was observed that subjects do not find it necessary to perform the VM until they 
were exercising at ~85% of maximum voluntary force. Accordingly, we observed subjects in 
this study to perform VMs only towards the end of the more heavily resisted sets (sets 3 and 
4). This was particularly evident for the bilateral group; however, at least two subjects in the 
unilateral group also appeared to perform a VM towards the end of the SET3 and SET4. 
A second key contributor to the increase in BP associated with resistance exercise is the 
degree of neural drive delivered to the muscles (120, 122). The results of the present study 
support this notion as BP was progressively increased as the resistance was increased from 
SET2 to SET4. It has also been suggested that the BP response to resistance exercise is 
proportional to the amount of active muscle during the exercise (165). Seals et al., 1983 (165) 
compared the BP and HR responses to three exercises (unilateral hand grip, bilateral leg 
extension and bilateral dead lift) and found that the cardiovascular response to each exercise 
was progressively increased as the amount of active muscle recruited for the exercise 
increased. This proposal is consistent with the results of the present study in that BP increases 
were found to be smaller when resistance exercise was restricted to one limb. 
A further mechanism that may account for the smaller rise in BP with unilateral exercise has 
been reported by Lind et al., 1964 (116). This study suggested that mechanical compression 
of blood vessels by the contracting muscle can occlude blood flow. Occlusion of blood flow 
in the lower limbs, particularly with bilateral exercise, may increase circulating blood volume 
in the upper body and therefore increase BP. In the unilateral group this effect may also be 
expected to occur, however, there is the potential for blood redistribution to the contralateral 
limb which may help to keep BP lower during exercise. 
In addition to unilateral exercise there are other ways to decrease BP during heavy resistance 
exercise. Baum et al., 2003 (9) demonstrated that the introduction of a 3sond pause between 
consecutive repetitions of bilateral leg press significantly reduced the SBP, DBP and HR 
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responses. It was suggested that this protocol causes a decrease in BP due to the release of 
muscle pressure associated with the relaxation and the ability of the increased muscle blood 
flow to remove active metabolites that can influence cardiovascular function. The 
combination of unilateral exercise with brief rest periods between repetitions may reduce the 
acute BP response even more than observed in the present study. 
The acute elevation in BP can also be reduced by avoiding, or at least minimising the 
intensity of the VM (147). However, the VM may provide a protective effect for the cerebral 
vasculature as it reduces the transmural pressure by elevating cerebrospinal fluid pressure (83, 
85). Furthermore, the complete avoidance of the VM may not be possible when loads of 
greater than ~80% of the 1RM are employed (120), as they are in a majority of strength 
training programs.  
In conclusion unilateral exercise significantly reduces the BP response to resistance exercise 
compared to that of bilateral exercise. Unilateral resistance exercise may therefore be of 
significant value to those populations such as those who are hypertensive, type 2 diabetic and 
the elderly who would greatly benefit from resistance training but may benefit from reduced 
elevations in BP during training. 
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The effect of resistance training on the 
cardiovascular responses to orthostasis 
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6.1 Introduction 
Orthostatic intolerance is a common condition amongst the elderly and people with disorders 
of the autonomic nervous system (145). Orthostatic intolerance is thought to be associated 
with alterations in baroreflex response or changes in vascular structure, some of which may 
be associated with aging. These changes, in turn, are responsible for the body’s inability to 
maintain adequate blood flow to the brain and the individual can feel dizzy or even faint. 
Based on the results of the studies outlined in Chapters 3 and 4, there is evidence to suggest 
the CVS is better able to cope with orthostatic stress when vascular resistance is increased. 
These results raise the possibility that altering the compliance and resistance of blood vessels, 
particularly in the lower limbs, may be able to give long term protective benefits to the effects 
of orthostasis. There are a number of ways to influence lower limb vasculature which may 
improve the response to orthostasis; these include altering the strength of the calf muscle 
pump, the compliance of the blood vessels and by making the baroreflex more sensitive to BP 
changes. 
It has been suggested that muscles of the lower limb play a vital role in the cardiovascular 
response to orthostatic stress by the action of the skeletal muscle pump (169, 195). Increasing 
lower limb muscle size with resistance training is associated with compression of the leg 
blood vessels by the surrounding muscles which can cause a decreased venous pooling in the 
legs (39). Resistance training is also believed to alter vascular compliance, by causing a 
stiffening of the blood vessels (93). 
The baroreflexes are also vital in preserving orthostatic tolerance, however the effects of 
resistance exercise on BRS are equivocal (45, 115, 176, 187). It is known that extreme 
changes in BP over multiple days can cause the operational set point of the baroreflex to reset 
(4, 21, 35, 36, 38) which can cause alterations in the cardiovascular responses to orthostatic 
stress.  
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Overall, this study aimed to test the hypothesis that lower limb resistance training would 
significantly improve the cardiovascular responses to both the HUT (a passive orthostatic 
challenge) and the SST (an active orthostatic challenge) based on an increase in strength of 
the calf skeletal muscle pump and increased BRS and an increase in vascular elasticity. Two 
different resistance exercise protocols were used, unilateral and bilateral lower limb exercise. 
It was hypothesised that unilateral training would cause significantly smaller increases in BP 
during training compared to that of bilateral training as found in the study outlined in Chapter 
5 and therefore changes in BRS, if any were observed, would be different between the two 
groups. 
The present study investigated the effect of short-term (10 weeks) lower limb and long term 
(>4 years) resistance training on vascular elasticity, calf muscle pump function and BRS and 
the subsequent effects of these changes on the initial cardiovascular responses to orthostatic 
stress. 
6.2 Methods 
This study was approved by the RMIT Human Research Ethics Committee. All subjects were 
given a copy of a plain language statement (Appendix 6 & 7) and gave their written, informed 
consent to participate in the study (Appendix 1). In addition subjects were required to fill out 
a Cardiovascular Risk Questionnaire (Appendix 5). 
Subjects 
The subject pool consisted of a total of 29 male subjects aged between 18 and 40 years. 
Volunteers were required to be living a sedentary lifestyle that incorporated no current 
resistance training. They were also required to be non-smoking and normotensive and not 
currently on any medications.  
Subjects were divided into one of four groups. Two groups underwent a 10 week program of 
lower limb resistance exercise that was performed either unilaterally or bilaterally, another 
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group was instructed to do no resistance training and served as a control group, the final 
group consisted of chronically resistance trained (>4years) individuals who were 
predominantly competitive body builders. The characteristics of the subjects are described in 
Table 6.1. Paired samples t-tests were performed to determine if there were differences 
between the groups for age, height, weight and VO2 max. There were no significant 
differences between the four groups for age, height or VO2 max, however there was a 
significant difference in weight between the bilateral and control groups (p=0.028) and the 
bilateral and chronic group (p=0.014). 
Group N Age (years) Height (cm) Weight (kg) 
VO2 max 
(ml/min/kg) 
Control 8 26.3 ± 7.2 182.3 ± 11.0 82.4 ± 9.3* 37.5 ± 6.2 
Unilateral 7 22.7 ± 6.6 176.7 ± 6.8 82.1 ± 13.8 35.0 ± 6.0 
Bilateral 7 23.4 ± 3.5 177.8 ± 6.3 71.7 ± 7.9 40.2 ± 7.6 
Chronic 7 28.8 ± 7.2 180.0 ± 7.6 91.7 ± 6.8 # 38.2 ± 3.4 
Table 6.1. Characteristics of subjects in each of the groups (mean ± SD) * = significant 
difference (p<0.05) between control and bilateral groups, # = significant difference (p<0.05) 
between bilateral and chronic groups. 
The experimental design was not truly randomised due to the large number of subjects and 
time constraints of both subjects and the investigator. Subjects were recruited in 3 cohorts 
with an average of 10 people in each who were randomly allocated into one of the three 
groups. Total data collection was completed in 12 months. 
In addition, subjects allocated into the chronic group could not be randomly allocated into this 
group, as they were required to have specific characteristics i.e. they were required to be a 
minimum of four years resistance trained. Where possible, subjects in the chronic group were 
competitive body builders. Body builders were selected as their training most closely 
mimicked the weight training protocol performed by the subjects in this study (i.e. training 
designed for muscle hypertrophy).  
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Data collection 
During VM, HUT and SST subjects were instrumented with a newer Portapres (model-2) 
which was interfaced with the Beatscope® analysis software (v.1.1. Finapres Medical 
Systems, Amsterdam, The Netherlands) which utilises the Modelflow® methods for 
determining CO, SV and TPR.  
Experimental protocol 
Prior to commencing resistance training subjects were required to visit the laboratory 
approximately 3 times. See Figure 6.1 for outline of protocols. 
 
a) 
 
 
 
 
b) 
Figure 6.1. Study Protocols. DEXA: Dual X-Ray Absorptiometry, SST: Squat-Stand Test, 
VM: Valsalva manoeuvre, HUT: Head-up Tilt. a) Protocol for bilateral, unilateral and control 
groups, b) Protocol for chronic group. 
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The first day began with orientation exposures to the VM, the HUT and the SST, following 
the same protocols as those outlined in Chapter 2. 
On the same day subjects performed the VO2 max test on a cycle ergometer in order to assess 
aerobic capacity. This protocol was the same as that used in the studies outlined in Chapters 3 
& 4 and again only subjects with a VO2 peak of <50 ml/min/kg were included in the study.  
On the second visit subjects underwent the ultrasound test and the mercury in-Silastic strain 
gauge plethysmography tests (for EF and calf venous elasticity). 
Typically, the ultrasound test was performed first. For the purposes of the present study 
ultrasound was used to examine the diameter of the popliteal vein on each leg of the subject. 
Longitudinal images of the popliteal vein were obtained using the Acuson Computed 
Sonography 128XP/10 ultrasound machine (Mountain View, CA, USA) with the transducer 
frequency set at 7MHz.  
Upon arrival at the laboratory subjects underwent a 10 minute seated rest period. After this, 
subjects were instructed to stand in a walking frame. When the left leg was scanned subjects 
balanced on the right leg and placed the tip of the toes of the left leg on the floor for stability, 
without applying any weight to that foot (see Figure 2.7). 
Longitudinal diameters were obtained in triplicate for both the left and right legs, alternating 
between each leg and averaged to give a single number for the diameter of the vein. As the 
reproducibility of this type of imaging can be operator dependant, a reliability analysis of the 
technique was performed prior to the commencement of the study. Results of this analysis are 
outlined in Appendix 10. 
After this subjects completed a further 10 min of seated rest prior to commencing the test for 
EF. The protocol for this is outlined in Chapter 2 and the test was performed in triplicate to 
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ensure an accurate reading and an average of the three was taken to give the overall value. If 
values were inconsistent, subjects were asked to perform an extra tiptoe. 
To assess venous elasticity, the mercury in-Silastic strain gauge was placed on the calf at the 
point of maximum circumference and an occlusion cuff was wrapped around the thigh, just 
above the knee, see Figure 2.5. The leg was elevated above the height of the bench to allow 
for the leg to empty. Throughout the testing period the subject’s leg remained in this position. 
When the cuff was inflated to approximately 80 mmHg, it is assumed that venous flow is 
occluded. This pressure is assumed to be insufficient to impair arterial flow and thus trapping 
blood volume in the leg, allowing for blood vessels to become full and stretch. Inflation of the 
occlusion cuff was performed manually using a hand held bulb attached to an aneroid 
pressure gauge. The elastic modulus (K) was calculated following the method outlined in 
Chapter 2.  
Subjects completed both the test for EF then the elasticity test on the right leg, then the gauge 
was re-positioned on the left leg and all the tests were repeated.  
The final day of testing consisted of the VM, HUT and SST. Prior to presenting at the 
laboratory on this day subjects were required to fast for at least 4 hours, and abstain from 
caffeine, alcohol and strenuous exercise for at least 12 hours. 
As subjects were required to attend the laboratory in a fasted state, there was the potential for 
subjects to arrive at the laboratory in a dehydrated state. Therefore participants were 
instructed to drink 15ml/kg of water on the evening prior to attending the lab. This equated to 
approximately 1 litre of water. In addition subjects were instructed to consume 1-2 glasses of 
water in the morning before attending the laboratory. 
In order to ensure subjects were adequately hydrated prior to the orthostatic challenges 
subjects were required to give a small urine sample which was analysed for specific gravity 
using Multiple

 Reagent Strips for Urinalysis (Bayer Diagnostics Mfg Ltd, South Wales, 
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UK). Subjects were considered to be hydrated with a specific gravity in the range of 1.016 
and 1.022 g/ml. Data for each group for the test for specific gravity are outlined in Table 6.2. 
Group 
Test 1 (pre resistance 
training) 
g/ml 
Test 2 (post resistance 
training) 
g/ml 
Control 1.01 ± 0.004 1.02 ± 0.01 
Unilateral 1.02 ± 0.01 1.02 ± 0.01 
Bilateral 1.02 ± 0.01 1.02 ± 0.01 
Chronic N/A 1.02 ± 0.005. 
Table 6.2. Specific gravity results for urine testing prior to BP measurement. Data is reported 
as mean ± SD. 
In addition to this, in order to control for the effects that a change in diet may have had on BP 
responses subjects were asked to complete a diary of all the food and drink they consumed on 
the day prior to the test (see Appendix 8). To ensure that subjects were in a similar state when 
they returned ten weeks later subjects were asked to replicate this diet as closely as possible 
on the night before the same tests. 
Upon arrival at the laboratory subjects gave a urine sample. After which subjects were given a 
10 min seated rest period prior to the commencement of data collection. The first test 
performed on this day was the VM. 
Subjects were then asked to perform the SST and the HUT in random order. Between each 
orthostatic challenge subjects were given a 30 min rest to ensure that there was not a carry-
over effect from one challenge to the next. Immediately prior to performing the HUT subjects 
were fitted with sEMG electrodes, positioning of which is outlined in Figure 2.3. 
Subjects also underwent a DEXA scan at their convenience prior to commencing the resistance 
training program. This was a total body scan which took approximately 20 min to perform. 
The DEXA device used in this project was a LUNAR Prodigy DXP-IQ total body scanner 
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(Lunar Radiation Corporation, Madison, WI, USA) and scans were analysed using Lunar 
software v 4.7E. The DEXA used for this study used a pencil photon beam.  
Subjects were positioned supine on the DEXA table with forearms pronated and palms facing 
downward. The feet were kept vertical and ankles were held in place with a Velcro strap. 
Scans were performed in the medium scan mode with a current of 150 µA, by a trained 
investigator. Scans were analysed by placing ROI over the thigh and calf regions of the scan, 
as described in Chapter 2. As there are some operator dependant aspects of this analysis, prior 
to data collection commencing, a reliability analysis was performed and the results of this are 
outlined in Appendix 10. 
After these three days of testing, which were usually spread out over a couple of weeks, the 
subject either began resistance training or the 10 week control period. Subjects in all groups 
were asked to keep a detailed record of their exercise and activity patterns during the ten 
weeks of the study (Appendix 9). Subjects in the chronic group were not required to be 
involved in any further testing. 
Those who were recruited into the resistance training groups began their first session with a 
1RM test for both the leg press and the toe press. These were performed for two main reasons, 
firstly as a determinant of the starting loads for the training and secondly as a measure of 
changes in strength with the resistance training. Due to the fact that half the subjects were 
doing unilateral training and the other half were doing bilateral training and for the sake of 
consistency, all subjects under went a bilateral 1RM test, followed by a unilateral 1RM test on 
each leg individually for both exercises. 
The 1RM test commenced with a 10 repetition warm-up at a very low load (usually ~41 kg). 
Following this the load was increased by ~23 kg (as determine by the weight plates on the 
exercise equipment), subjects were instructed to perform three repetitions at this load. The 
load was progressively increased by 8-20 kg depending on the ease of the load. Subjects were 
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given at least a 1 minute rest between each load. The test was terminated when subjects could 
only perform 1 repetition on the load and this was defined as the 1RM. 
Subjects underwent a 10 week lower limb resistance training program which was designed to 
work all the major muscle groups in the legs. Subjects were required to visit the gymnasium 3 
days per week for the 10 week period. All resistance training sessions were supervised by the 
investigator.  
The exercises were as follows (muscles exercised are indicated in parenthesis (19)). 
• Leg press (gluteus maximus; quadriceps) 
• Leg curl (hamstrings group: biceps femoris, semi-membranous, semitendinosus) 
• Toe press (gastrocnemius and soleus) 
• Leg extension (quadriceps groups: rectus femoris, vastus lateralis, vastus intermedius, 
vastus medialis) 
Subjects in both groups performed the exercises in the same order (outlined above). The order 
was designed this way to allow for subjects to rest one muscle group whilst exercising 
another. This was particularly important for the quadriceps as two different exercises were 
included to exercise this muscle group.  
For each exercise subjects performed four sets. SET1 was performed at ~50% of 10-12 RM 
load, SET2 was performed at ~75% of 10-12 RM load, and SET3 and SET4 were performed 
at 10-12 RM. There was a 1 min rest period between each set. For all exercises subjects were 
instructed to increase the training load as soon as they could comfortable perform 12 
repetitions. 
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Unilateral Group Training Protocol 
Subjects in the unilateral group always started each exercise with their left leg and after the 
completion of SET4 subjects had a one minute rest period before commencing training on the 
right leg. 
The first exercise was the leg press. The weight used for SET3 and SET4 for the first session 
was calculated as 80% of 1RM. During the leg press training subjects were instructed not to 
fully extend and lock their knees at the end of the concentric phase and not to allow the load 
to drop fully at the end of the eccentric phase. 
The second exercise was the leg curl. The training load was determined by the subject’s 8RM 
(i.e. the maximum load a subject could lift 8 times). Once subjects could comfortably perform 
12 repetitions, the load was increased in 3-5 kg increments. During this exercise, subjects lay 
prone and began with the leg fully extended and then slowly bent the knee to an angle of 
~90˚. During the eccentric part of the motion, subjects were instructed not to allow the load to 
drop. The hamstrings tended to be a weak muscle group in this untrained population and often 
the load that subjects were capable of training at was the minimum weight that could be 
placed on the machine. When this was the case, subjects did two 5-8-rep warm up sets at this 
weight before performing two sets of 8-12 reps at the same weight. 
The third exercise was the toe press. This exercise was performed using the same footplate as 
the leg press and the training load for SET3 and SET4 began at 80% of 1RM. This exercise 
was performed by plantar-flexing and dorsi-flexing the ankle with the knees held straight.  
The fourth exercise was the leg extension. The starting weight was selected and increased in 
the same fashion as for the leg curl. The leg extension involved subjects beginning with the 
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knee at ~90˚ angle and the leg was slowly straightened against the load. Subjects were 
instructed not to fully extend their leg. 
Bilateral Group Training Protocol 
The resistance training protocol for the bilateral group was conducted in the same order and in 
the same manner. The only difference was that subjects exercised both legs at once rather than 
one leg at a time. This resulted in the time spent training for this group to be half as long as 
that of the unilateral group, however subjects in the bilateral group were training at much 
greater weights. 
Post-training tests 
Following the ten weeks of either training or no training subjects returned to the laboratory 
for two days of testing. All post training testing was performed within 7 days of the cessation 
of training. 
The first day of post training testing consisted of the VM, SST and HUT. All dietary and 
hydration controls were again implemented in order for subjects to be in the same state as the 
first round of testing. The orthostatic challenges were performed in the same order as in the 
first day of testing. The second day consisted of the ultrasound and strain gauge tests. A 
follow-up DEXA was also conducted within this 7 day period at the subject’s convenience. 
Reimbursement 
Subjects received a small financial reimbursement for their time. 
Statistical Analysis 
All data were tabulated in a commercially available PC based spread sheet (Microsoft 
Excel) and SPSS v.13 was used for all statistical analysis. In all cases significance was 
accepted when p<0.05. 
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Orthostatic challenges 
The following cardiovascular variables were determined throughout each orthostatic 
challenge: HR, SBP, DBP, MAP, SV, CO, TPR.  
The data for the HUT were divided into a supine period and a tilt period. The SUPINE period 
consisted of the 30s immediately prior to tilt, while the tilt period consisted of the first 30s of 
the HUT. The 30sonds of tilt data were divided into 3 consecutive 10s blocks defined as 
positions T10, T20 and T30. 
Data for the SST were treated the same as that of the HUT. The final 30s of the SQUAT 
phase and the first 30s of the STAND phase were analysed. The STAND phase was divided 
into 3 consecutive 10s blocks defined as positions S10, S20 and S30. 
The first 30s of the tilting and standing data were used as the current study was primarily 
designed to measure the immediate response to orthostasis, i.e. the first 30s. It has been 
established that baroreflex responses are almost completed within 10s of an orthostatic 
stimulus, and that most cardiovascular parameters have stabilized within 30s (185). 
Data across all positions and between the four groups were compared using a repeated 
measures ANOVA with post-hoc pairwise comparison and Bonferroni adjusted significance 
levels. 
In addition, to determine the dynamic response to HUT or SST, deviation values from 
baseline were calculated. These values were calculated by subtracting the values of T10, T20 
and T30 from the SUPINE value for the HUT and by subtracting the values of S10, S20 and 
S30 from the SQUAT value for the SST. Therefore a negative deviation value was 
representative of an increase in the value from supine to tilt or from squat to stand. These 
values were compared between groups using an independent samples t-test and compared 
within groups using paired samples t-tests. 
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Analysis of other tests 
Analysis of all other tests were performed by comparing the pre-training value to the post 
training value within groups using paired samples t-tests and between groups using 
independent samples t-tests. The following outlines how the numbers for comparison were 
determined for each test: 
The tests for integrated BRS (using VM), popliteal vein diameter, and EF were performed in 
triplicate and an average of these three values was taken to give a single value for each 
results. 
Venous elasticity (K) was calculated from the pressure/volume curve generated using the 
venous occlusion plethysmography, as outlined in Chapter 2. 
Results for each ROI for the DEXA scan were also compared between and within groups for 
each leg separately. 
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6.3 Results 
Due to a number of issues associated with equipment and subject compliance not all subjects 
performed every test. Each figure legend will outline the subject numbers that performed each 
test. As the subjects in the chronic group only performed each test once, there are no pre-
training data presented for any test. 
Results of 1RM 
Subjects performed the 1RM test on day 1 of week 1 and on day 3 of week 10 of the 
resistance training protocol. All subjects performed the 1RM bilaterally and unilaterally for 
both the leg press and the toe press.  
The exercise equipment used for training had a limited capacity as to the amount of weight 
that could be placed on it. Most subjects were able to perform both the leg and toe press 1 RM 
tests both bilaterally and unilaterally at week 1 within the capacity of the equipment, however 
in most cases subjects gained enough strength to exceed the amount of weight that the 
exercise equipment could handle. This meant that subjects could not perform the bilateral 
1RM tests at week 10. Only 3 subjects from the unilateral group and one subject in the 
bilateral group performed the post-training bilateral 1RM test. Therefore due to such small 
subject numbers for the bilateral 1RM test only the unilateral 1RM data are presented here. 
Data for individual subjects for the leg press are presented in Table 6.4. Subjects are 
identified with either a ‘U’ or ‘B’ to signify whether the subject was in the unilateral or the 
bilateral training group. 
After 10 weeks of resistance training a significant increase in 1RM for the unilateral leg press 
was observed. The unilateral group had significant increases in 1RM for both the left leg 
(p=0.001) and the right leg (p=0.007). The bilateral group also demonstrated a significant 
increase in 1RM for both the left (p=0.009) and right (p=0.001) legs. There was also a 
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significant increase in the training load within each group (p<0.001). However, there were no 
significant differences observed in the change in training load between the groups (p=0.145). 
Subject 
Left leg 
pre (kg) 
Left leg 
post 
(kg) 
Right leg 
pre (kg) 
Right leg 
post (kg) 
Starting 
training 
load (kg) 
Finishing 
training 
load (kg) 
∆ 
training 
load 
U1 101 * 110 * 80 132 52 
U2 89 150 66 155 73 112 39 
U3 75 112 96 131 57 122 64 
U4 88 129 90 132 65 106 41 
U5 73 90 78 96 65 104 39 
U6 65 96 80 114 57 96 39 
U7 74 112 79 119 65 104 39 
B1 85 119 81 131 135 191 57 
B2 30 ** 38 ** 80 127 47 
B3 90 152 83 139 142 211 69 
B4 106 119 98 117 135 191 57 
B5 90 127 99 135 135 211 77 
B6 88 104 90 119 142 181 39 
B7
***
 96 119 96 135 127 166 39 
Table 6.3. Individual data for unilateral 1RM leg press and training weight changes for both 
groups. 
*Subject U1 did not complete post uni lateral 1RM due to an ankle injury incurred outside of 
training 
** Subject B2 did not complete post uni lateral 1RM. 
*** Subject B7 decreased training load considerably at week 7 due to ankle injury incurred 
outside of training. 
Data for individual subjects for the toe press are presented in Table 6.5. As in Table 6.4 
subjects are identified with either a ‘U’ or ‘B’ to signify whether the subject was in the 
unilateral or the bilateral training group. As with the leg press data only unilateral 1RM data 
will be presented due to the limitations of the resistance training equipment. 
After 10 weeks of resistance training a significant increase in 1RM for the unilateral toe press 
was observed. The unilateral group had significant increases in 1RM in both the left leg 
(p=0.006) and the right leg (p=0.004). The bilateral group also demonstrated a significant 
increase in 1RM in both the left (p=0.006) and right (p=0.003) legs. There was also a 
significant increase in the training load within the unilateral group (p=0.003) and the bilateral 
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group (p<0.001). However, there were no significant differences observed in the change in 
training load between the groups (p=0.882). 
Subject 
Left leg 
pre (kg) 
Left leg 
post 
(kg) 
Right 
leg pre 
(kg) 
Right 
leg post 
(kg) 
Starting 
training 
load (kg) 
Finishing 
training 
load(kg) 
∆ 
training 
load 
U1 132 * 137 * 112 139 27 
U2 112 207 112 207 88 158 70 
U3 135 * 135 * 112 122 10 
U4 112 158 112 161 89 127 38 
U5 135 ** 139 ** 112 191 79 
U6 127 201 127 201 104 150 46 
U7 114 188 115 191 88 166 78 
B1 85 119 81 131 135 201 66 
B2 96 **** 83 **** 96 142 46 
B3 130 181 127 176 142 206 64 
B4 111 163 106 158 158 201 43 
B5 145 185 138 185 166 211 45 
B6 158 158 155 158 158 186 28 
B7 
***
 127 166 132 181 158 203 44 
Table 6.4. Individual data for unilateral 1RM toe press and training weight changes for both 
groups. 
* Subjects U2 and U3 stopped 1RM test at this weight due to knee pain from pre-existing 
conditions. 
**Subject U5 did not perform post testing 1RM due to the fact that he was training at a 
weight very close to the maximum for the equipment.  
*** Subject B7 decreased training loads considerably at week 7 due to ankle injury incurred 
outside of training. 
**** Subject B2 did not complete post unilateral 1RM. 
DEXA Results 
As previously mentioned in Chapter 6, the results from the DEXA scan were generated by 
dividing each leg into two regions of interest as we were primary concerned with changes in 
muscle size. Only the data for lean mass are presented in Table 6.6. 
Within the control group a significant decrease in the lean mass in the right calf over the 10 
week period (p= 0.05) was observed. Results for the left calf ROI demonstrated there were no 
other significant differences observed either within or between groups. 
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The chronic group had a significantly larger lean mass in the right thigh compared to those in 
the unilateral group (pre, p=0.003, post, p= 0.01), the bilateral group (pre, p=0.006, post, 
p=0.012) and the control group (pre, p=0.033, post, p=0.041). The chronic group also had a 
significantly larger lean mass in the left thigh compared to the unilateral group (pre, p=0.001, 
post, p=0.002) and the bilateral group (pre, p=0.001, post, p=0.001). 
Group Test Right thigh (g) Left thigh (g) Right calf (g) Left calf (g) 
Pre 6322 ± 1061
‡
 6504 ± 1209 2702 ± 547 2739 ± 549 
Control 
Post 6265 ± 1213
‡
 6455 ± 1416 2652 ± 526
#
 2688 ± 557 
Pre 6142 ± 666* 6180 ± 737* 2603 ± 241 2673 ± 256 
Unilateral 
Post 6284 ± 755* 6291 ± 804* 2594 ± 231 2648 ± 264 
Pre 5973 ± 997** 5984 ± 979** 2506 ± 437 2547 ± 400 
Bilateral 
Post 6069 ± 1061** 6023 ± 960** 2529 ± 434 2526 ± 380 
Chronic  7424 ± 573 7732 ± 507 2975 ± 439 2995 ± 451 
Table 6.5. Lean mass from DEXA analysis (g) (mean ± SD). N = 6 (unilateral), 7 (bilateral), 
8 (control), 7 (chronic). 
*significant difference between chronic group and unilateral p<0.05 
**significant difference between bilateral group and chronic p<0.05 
‡
significant difference between control group and chronic group, p<0.05 
#
significant difference between pre and post within group P<0.05 
Head-up tilt results 
The data for the HUT were divided into a supine period and a tilt period. The SUPINE period 
consisted of the 30s immediately prior to tilt, while the tilt period consisted of the first 30s of 
the HUT. The 30sonds of tilt data were divided into 3 consecutive 10s blocks defined as 
positions tilt 10 (T10), tilt 20 (T20) and tilt 30 (T30). The HUT performed prior to the 
commencement of the weight training program (or control) was defined as HUTpre, the HUT 
performed at the conclusion of the weight training program (or control) was termed HUTpost. 
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Within each tilt, data were compared between supine, T10, T20 and T30. All variables 
displayed the standard response to tilting (16, 137, 156, 161, 162), in that BP (MAP, SBP and 
DBP) and TPR significantly decreased with tilting and HR and CO significantly increased. In 
the present study there was no significant interaction observed for position (supine, T10, T20 
and T30) in SV for any HUT, except in the chronic group (p=0.003). The physiological 
responses to head-up tilting are outlined in more detail in Chapters 2-4. As the responses are 
very typical of this orthostatic challenge, statistical data will not be reported in this analysis 
and only differences between groups and changes within groups between HUTpre and 
HUTpost will be reported. 
As previously mentioned, deviation values from baseline (supine) were calculated for all time 
points of the tilt phase and are described in Table 6.7. These values give an indication of the 
amount of change each variable demonstrates with the onset of orthostatic stress. These 
deviation values are defined as SUPINE-T10, SUPINE-T20 and SUPINE-T30. 
There were no significant differences observed in the deviation values either within or 
between groups observed for HR, DBP, MAP or TPR. 
However, there was a significant difference between the deviation values observed for SBP 
SUPINE-T10 between the chronic group and the bilateral group at HUT1 (p=0.013) and 
SUPINE-T20 at HUTpre (p=0.022), indicating that the chronic group had a greater decrease 
in SBP than the bilateral group. The deviation value for the chronic group for CO was 
significantly less than that of the control group at HUTpost in SUPINE-T10 (p=0.019), 
indicating that the chronic group had a smaller increase in CO. 
The chronic group had a significantly greater decrease in SV than the bilateral group at 
HUTpre SUPINE-T10 (p=0.022), SUPINE-T20 (p=0.006) and at HUTpost SUPINE-T20 
(p=0.005). The chronic group also had a significantly greater decrease in SV than the 
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unilateral group at HUTpre SUPINE-T20 (p=0.05) and HUTpost SUPINE-T20 (p=0.001) and 
than the control group at HUTpre SUPINE-T20 (p=0.02) and at HUTpost SUPINE-T10 
(p=0.006) and SUPINE-T20 (p=0.039), see figure 6.2. 
When comparing the cardiovascular responses of HUTpre to those at HUTpost within each 
group, within the unilateral group a significant decrease in supine HR was observed between 
HUTpre and HUTpost (p=0.006). No other differences were observed between HUTpre and 
HUTpost within any other group. 
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Figure 6.2. Stroke Volume (SV) response to head up tilt (HUT) for each acute group 
(unilateral, bilateral and control) both pre (HUTpre) and post (HUTpost) the 10 week lower 
limb resistance training program, These data are compared to the chronically strength trained 
group (chronic) at each time point of the HUT (supine, tilt 10 (T10), tilt 20 (T20) and tilt 30 
(T30). Data are reported as mean ± SD. N = 7 (unilateral), 7 (bilateral), 8 (control), 7 
(chronic).
chronic 
HUTpre 
HUTpost 
 Table 6.6. Deviation Values for HUT data (mean ± SD). # = significant difference from chronic group for a given position (p<0.05). N = 7 (unilateral), 
7 (bilateral), 8 (control), 7 (chronic). 
Group 
 
Position 
MAP 
(mmHg) 
SBP 
(mmHg) 
DBP 
(mmHg) 
HR 
(bpm) 
CO 
(l/min) 
SV 
(ml) 
TPR 
(MU) 
Supine-T10 14.5 ± 8.6 13.9 ± 14.2 13.8 ± 8.9 -11.4 ± 6.4 -1.2 ± 1.2 -0.8 ± 17.3 0.2 ± 0.1 
Supine-T20 6.8 ± 8.8 5.7 ± 12.9 5.8 ± 9.4 -5.9 ± 8.4 0.1 ± 0.7 6.7 ± 15.7 
# 0.1 ± 0.2 HUTpre 
Supine-T30 0.5 ± 7.3 -4.9 ± 10.5 0. 6 ± 8.0 -1.5 ± 11 0.4 ± 0.5 5.7 ± 12.9 -0.1 ± 0.2 
Supine-T10 14.7 ± 8.4 17.5 ± 10.6 14.7 ± 8.4 -14.5 ± 7.1 -1.9 ± 0.8 
# -5.8 ± 9.8 # 0.3 ± 0.1 
Supine-T20 6.8 ± 11.0 8.8 ± 18.0 5.7 ± 10.4 -7.2 ± 8.0 -0.2 ± 0.7 6.7 ± 18.4 
# 0.1 ± 0.1 
Control 
HUTpost 
Supine-T30 0.6 ± 8.4 -0.6 ± 15.7 0.4 ± 8.1 -3.3 ± 10.1 0.3 ± 0.5 9.2 ± 13.2 -0.04 ± 0.1 
Supine-T10 15.3 ± 17.6 18.1 ± 20.8 12.8 ± 15 -16.4 ± 6.4 -0.6 ± 1.6 9.4 ± 21.7 0.2 ± 0.2 
Supine-T20 8.8 ± 16.3 7.2 ± 21.7 6.8 ± 15.2 -11.0 ± 10.4 0.1 ± 1.2 11.4 ± 13.2 
#
 0.04 ± 0.2 HUTpre 
Supine-T30 2.7 ± 11.8 -1.1 ± 12.8 0.9 ± 10.4 -6.2 ± 7.6 0.4 1.0 13.6 ± 12.7 -0.02 ± 0.2 
Supine-T10 13.4 ± 6.9 17.0 ± 10.7 12.4 ± 7.2 -15.9 ± 3.8 -1.2 ± 1.0 2.8 ± 12.6 0.2 ± 0.1 
Supine-T20 6.4 ± 10.5 7.8 ± 15.7 5.9 ± 9.9 -7.7 ± 8.9 -0.1 ± 0.7 5.6 ± 8.3 
# 0.04 ± 0.2 
Unilateral 
HUTpost 
Supine-T30 -0.5 ± 8.2 -1.6 ± 12.7 -1.2 ± 7.8 -4.3 ± 6.7 0.2 ± 0.7 6.6 ± 8.5 -0.1 ± 0.2 
Supine-T10 7.6 ± 8.6 4.8 ± 10.7 
# 8.2 ± 7.5 -11.1 ± 10.1 -1.2 ± 1.3 -3.2 ± 9.9 # 0.2 ± 0.1 
Supine-T20 -0.2 ± 7.3 -3.7 ± 11.5 
#
 -0.1 ± 7.5 -6.1 ± 7.9 -0.1 ± 1.1 6.8 ± 11.7 
#
 0.02 ± 0.1 HUTpre 
Supine-T30 -5.4 ± 6.9 -10.4 ± 12.3 -5.6 ± 6.1 -3.4 ± 8.1 0.5 ± 1.0 11.0 ± 13.0 -0.1 ± 0.1 
Supine-T10 12.8 ± 7.2 14.7 ± 11.9 11.8 ± 6.8 -16.9 ± 14.2 -1.5 ± 1.1 -1.2 ± 10.8  0.3 ± 0.2 
Supine-T20 3.1 ± 5.7 3.1 ± 13.9 2.3 ± 6.0 -14.7 ± 17.7 -0.4 ± 0.9 6.3 ± 11.6 
# 0.1 ± 0.2 
Bilateral 
HUTpost 
Supine-T30 -2.3 ± 2.4 -4.3 ± 8.6 -2.7 ± 3.0 -10.4 ± 15.8 0.1 ± 0.6 8.5 ± 9.2 0.0 ± 0.1 
Supine-T10 13.7 ±  6.2 21.9 ± 11.3 11.0 ± 5.5 -2.3 ± 28.8 -0.8 ± .7 9.6 ± 7.9 0.2 ± 0.1 
Supine-T20 5.5 ± 7.9 14.2 ± 14.0 3.0 ± 7.6 -8.7 ± 4.3 0.4 ± 0.7 23.6 ± 6.5 0.02 ± 0.1 Chronic 
 
Supine-T30 -2.9 ± 5.2 0.7 ± 9.61 -5.1 ± 5.7 -7.0 ± 5.2 0.5 ± 0.6 19.1 12.4 -0.1 ± 0.1 
1
2
8
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Squat-stand test results. 
The data for the SST were divided into a squatting period and a standing period. The SQUAT 
period consisted of the 30s immediately prior to standing, while the STAND period consisted 
of the first 30s of the SST. The 30s of SQUAT data were divided into 3 consecutive 10s 
blocks defined as positions stand 10 (S10), stand 20 (S20) and stand 30 (S30). The SST 
performed prior to the commencement of the weight training program (or control) was 
defined as SSTpre, the SST performed at the conclusion of the weight training program (or 
control) was termed SSTpost. 
Within each SST, data were compared between SQUAT, S10, S20 and S30. All variables 
displayed the standard physiological response to the SST (44, 156), in that BP (DBP, SBP 
MAP), SV and TPR significantly decreased and HR and CO increased. The physiological 
responses to the SST are outlined in more detailed in Chapters 2 and 4. 
As these responses are very typical of this orthostatic challenge, statistical data for the above 
comparisons will not be reported in this analysis and only differences between groups and 
changes within groups between SSTpre and SSTpost will be reported. 
Deviation values for the SST were calculated by subtracting each time point of the STAND 
phase from the SQUAT phase and are defined as SQUAT-S10, SQUAT-S20 and SQUAT-
S30 and are described in Table 6.8. 
There was a significant increase in the deviation value from SQUAT-S10 in the unilateral 
group between SSTpre and SSTpost for SBP (p=0.024). There was also a significant increase 
in deviation value from SQUAT-S20 in the unilateral group for HR (p=0.031) and MAP 
(p=0.05) and a significant increase in SV in the unilateral group at SQUAT-S30 (p=0.038). 
This indicates that in the unilateral group there was a greater increase in HR and a greater 
decrease in MAP and SV following resistance training. There was also a significant increase 
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in the deviation value from SSTpre to SSTpost within the control group at SQUAT-S10 for 
TPR (p=0.032) and SV (p=0.046). 
The chronic group had significantly greater deviation values than the control group at SSTpre 
for SQUAT-S20 for SBP (p=0.045) and in SSTpost at SQUAT-S20 for SBP (p=0.046) and 
MAP (p=0.046). In addition, the chronic group had significantly greater deviation values than 
the bilateral group at SSTpre for SQUAT-S20 for SBP (p=0.05) and DBP (p=0.048) and for 
HR at SSTpre at SQUAT-S30 (p=0.05). 
The deviation value for SV at SQUAT-S10 for the bilateral group at SSTpre was significantly 
greater than that of the control group (p=0.016). The deviation value for CO for SQUAT-S10 
for the bilateral group was significantly less than that on the control group at SSTpre 
(p=0.024). 
When comparing the SSTpre values to SSTpost values within each group, there were 
significant differences in CO between SSTpre and SSTpost for CO within the control group at 
SQUAT (p=0.033), S20 (p=0.049) and S30 (p=0.014) with SSTpost being greater, see figure 
6.3. There were also significant differences in TPR between SSTpre and SSTpost in the 
unilateral group at S10 (p=0.035) and at S20 (p=0.022) and within the control group at 
SQUAT (p=0.002), S20 (p=0.05) and at S30 (p=0.035) with SSTpost being significantly 
greater, see figure 6.4. 
There was a significant difference at S30 between the control group and chronic group in 
SSTpre with the control group being significantly greater (p=0.028). There were no other 
significant differences between SSTpre and SSTpost for any position within or between any 
groups. 
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Figure 6.3. Cardiac output (CO) response to the squat stand test (SST) for each acute group 
(unilateral, bilateral and control) both pre (SSTpre) and post (SSTpost) the 10 week lower 
limb resistance training program, These data are compared to the chronically strength trained 
group (chronic) at each time point of the SST (SQUAT, stand 10 (S10), stand 20 (S20) and 
stand 30 (S30). Data are reported as mean ± SD. N = 7 (unilateral), 7 (bilateral), 8 (control), 7 
(chronic). 
* = significant difference within group between SSTpre and SSTpost at each time point 
(p<0.05). # = significant difference between control group SSTpre and chronic group at S30 
(p<0.05).  
* 
# 
* * 
chronic 
SSTpre 
SSTpost 
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Figure 6.4. Total Peripheral Resistance (TPR) response to the squat stand test (SST) for each 
acute group (unilateral, bilateral and control) both pre (SSTpre) and post (SSTpost) a 10 week 
lower limb resistance training program, These data are compared to the chronically strength 
trained group (chronic) at each time point of the SST (SQUAT, stand 10 (S10), stand 20 (S20) 
and stand 30 (S30). Data are reported as mean ± SD. N = 7 (unilateral), 7 (bilateral), 8 
(control), 7 (chronic). 
* = significant difference within group between SSTpre and SSTpost at each time point 
(p<0.05). # = significant difference between control group SSTpre and chronic group at S30 
(p<0.05).  
* 
* 
* 
* 
* 
# 
chronic 
SSTpre 
SSTpost 
 Group 
 
Position 
MAP 
(mmHg) 
SBP 
(mmHg) 
DBP 
(mmHg) 
HR 
(bpm) 
CO 
(l/min) 
SV 
(ml) 
TPR 
(MU) 
Squat-S10 37.5 ± 9.6 36.2 ± 8.9 29.7 ± 9.8 -15.7 ± 11.2 -2.0 ± 1.0** -4.3 ± 12 ** 0.5 ± 0.2 
Squat-S20 19.8 ± 12.8 11.0 ± 18.3#  18.5 ± 11.9 -17.6 ± 11.0 -1.7 ± 1.2 0.9 ± 14.3 0.3 ± 0.3 SSTpre 
Squat-S30 14.6 ± 10.5 -0.3 ± 18.1 14.2 ± 9.9 -3.7 ± 9.0 -0.5 ± 1.4 -2.0 ± 12.6 0.2 ± 0.3 
Squat-S10 39.1 ± 8.8 39.7 ± 11.3 34.0 ± 8.3 -16.7 ± 7.4 -0.9 ± 2.3 10.7 ± 23.1* 0.4 ± 0.2* 
Squat-S20 20.7 ± 7.2#  14.0 ± 13.8#  18.9 6.0 -16.7 ± 11.5 -1.2 ± 1.4 6.1 ± 14.7 0.3 ± 0.2 
Control 
SSTpost 
Squat-S30 17.2 ± 7.6 8.2 ± 13.5 15.2 ± 6.1 -7.6 ± 9.5 -0.2 ± 1.4 6.5 ± 13.3 0.2 ± 0.2 
Squat-S10 34.1 ± 10.3 35.4 ± 13.7 30.4 ± 9.1 -14.9 ± 10.2 -1.0 ± 1.5 4.6 ± 17.8 0.3 ± 0.1 
Squat-S20 20.9 ± 12.2 17.7 ± 13.8 18.9 ± 11.0 -17.9 ± 17.6 -1.0 ± 1.3 3.5 ± 21.0 0.2 ± 0.1 SSTpre 
Squat-S30 17.8 ± 10.6 12.0 ± 8.6 15.5 ± 10.9 -9.7 ± 12.4 -0.4 ± 1.1 3.3 ± 17.8 0.2 ± 0.2 
Squat-S10 40.1 ± 13.4 42.3 ± 18.9* 35.2 ± 11.4 -18.4 8.2 -0.6 ± 1.4 14.4 ± 17.7 0.4 ± 0.1 
Squat-S20 27.2 ± 9.0* 28.9 ± 16.4 23.8 ± 8.0 -29.3 ± 14.8* -1.2 ± 1.1 15.3 ± 15.3 0.3 ± 0.1 
Unilateral 
SSTpost 
Squat-S30 21 ± 5.3 15.3 ± 9.4 17.3 ± 5.9 -19.6 ± 18.9 -0.7 ± 0.7 17.4 ± 19.2* 0.2 ± 0.1 
Squat-S10 38.6 ± 4.9 41.2 ± 7.3 33.2 ± 4.1 -19.2 ± 4.5 -0.6 ± 1.0 13.2 ± 12.6 0.4 ± 0.1 
Squat-S20 20.1 ± 9.2 15.7 ± 10.5# 17.5 ± 6.4# -17.2 ± 11.9 -0.9 ± 1.2 8.1 ± 15.0 0.3 ± 0.2 SSTpre 
Squat-S30 16.5 ± 7.3 7.7 ± 6.5 14.8 ± 5.5 3.5 ± 7.1 # -0.2 ± 1.1 2.9 ± 13.9 0.2 ± 0.2 
Squat-S10 35.2 ± 7.1 35.2 ± 8.3  31.1 ± 6.9 -20.2 ± 4.6 -1.2 ± 1.0 7.5 ± 9.2 0.4 ± 0.2 
Squat-S20 20.1 ± 12.0 18.3 ± 13.2 17.68 ± 8.2 -22.0 ± 12.2 * -1.3 ± 1.2 9.2 ± 11.8 0.3 ± 0.2 
Bilateral 
SSTpost 
Squat-S30 17.9 ± 11.0 12.7 ± 13.1 15.1 ± 7.7 -9.6 ± 7.4 -0.3 ± 1.0 7.2 ± 8.8 0.2 ± 0.1 
Squat-S10 44.4 ± 9.3 46.8 ± 12.6 38.7 ± 8.0 -16.3 ± 7.9 -0.7 ± 2.3 11.6 ± 32.3 0.4 ± 0.1 
Squat-S20 29.4 ± 8.0 30.0 ± 14.1 25.7 ± 7.5 -22.2 ± 12.3 -1.0 ± 1.7 14.9 ± 28.1 0.3 ± 0.1 Chronic 
 
Squat-S30 22.2 ± 11.0 16.0 ± 12.1 19.4 ± 10.3 -14.3 ± 11.0 -0.7 ± 0.9 5.7 ± 24.2 0.2 ± 0.1 
Table 6.7. Deviation Values for SST data (mean ± SD). * = significant difference between SSTpre and SSTpost within the group for a particular 
position, ** = significant difference within SSTpre between bilateral and control for a particular position, # = significant difference from chronic group 
for a given position (p<0.05). N = 7 (unilateral), 7 (bilateral), 8 (control), 7 (chronic). 
1
3
3
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Ultrasound data 
Ultrasound was used to measure the diameter of the popliteal vein before and after the 
resistance training protocol, the results of which are presented in Table 6.9. Results of this test 
demonstrated no significant differences between the diameters of this vein between the four 
groups. Within the groups there also were no significant differences observed between pre 
and post venous diameters. 
Group 
Left leg pre-
training (mm) 
Left leg post-
training (mm) 
Right leg pre-
training (mm) 
Right leg post-
training (mm) 
Control 9.3 ± 1.1 9.6 ± 1.2 9.1 ± 1.1 9.9 ± 1.1 
Unilateral 9.0 ± 1.2 9.9 ± 1.1 9.6 ± 1.21 10.3 ± 0.9 
Bilateral 9.1 ± 1.7 9.3 ± 1.3 9.4 ± 1.9 9.2 ± 1.7 
Chronic  10.1 ± 1.1  10.3 ± 1.3 
Table 6.8. Vein diameters from ultrasound scans for all groups (unilateral, bilateral, control 
and chronic) Data are reported as mean ± SD. N = 6 (unilateral), 6 (bilateral), 6 (control), 7 
(chronic). 
Valsalva Manoeuvre data 
Early Phase II of the VM was analysed to give an index of integrated-cardiac BRS, results of 
which are outlined in Figure 6.5. There were no significant differences observed between pre 
and post training VM within any group and no significant differences observed in the 
response to the VM between any of the groups. 
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Figure 6.5. Results from the analysis of Early Phase II of the Valsalva Manoeuvre for all 
groups (unilateral, bilateral, control and chronic) both pre and post the 10 week lower limb 
resistance training program (or control). Results are reported as mean ± SD. N = 7 
(unilateral), 7 (bilateral), 8 (control), 7 (chronic). 
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Strain gauge results 
Ejection fraction results 
Measurements for the calf EF were made using strain gauge plethysmography during single 
tip toe movements designed to cause an ejection of blood from the calf. Results of these 
analyses are outlined in Figure 6.6. 
Within each group there were no significant differences observed between the pre-training 
test and the post-training test for EF. Between each group, for the left leg, the chronic group 
had a significantly greater EF relative to the unilateral group both pre-training (p=0.023) and 
post training (p=0.036). The chronic group EF was also significantly greater than the bilateral 
group pre-training (p=0.029). No other significant differences were observed between the 
groups for the EF of the left leg. For the right leg the chronic group had a significantly greater 
EF than the bilateral group post-training (p=0.014). No other significant differences were 
observed. 
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Figure 6.6. Results from the measurement of calf ejection fraction from a single tip toe 
movement for all groups (unilateral, bilateral, control and chronic) both pre and post the 10 
week lower limb resistance training program (or control) for both the left leg (A) and the right 
leg (B). Results are reported as mean ± SD. N (left leg) = 5 (unilateral), 6 (bilateral), 8 
(control), 6 (chronic). N (right leg) = 5 (unilateral), 5 (bilateral), 7 (control), 6 (chronic). 
* = significant difference relative to the chronic group, p<0.05.  
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Elastic Modulus data 
Results of the elastic modulus calculations are shown in Figure 6.7. As previously mentioned 
in Chapter 2, an increase in the elastic modulus indicates a decrease in the compliance of the 
vessel. 
When comparing the differences between pre and post-training within the groups, no 
significant differences were observed. Between groups, for the right leg the elastic modulus of 
the chronic group was significantly less than the unilateral group pre-training (p=0.037) and 
post-training (p=0.041). The elastic modulus for the chronic group was also significantly less 
than the bilateral group pre-training (p=0.044) and the control group post-training (p=0.004). 
There were no significant differences observed between the groups for the left leg. 
Figure 6.8 shows the distribution of each individual value for K. Data for the right leg shows 
that there was greater inter subject variability within the unilateral group, however the chronic 
group was significantly lower. In the left leg there is greater range of data points for the 
chronic group, with one subject having a much larger response than other subjects in this 
group. However when the data from this subject are removed from the analysis the 
differences between the groups remain statistically insignificant. 
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Figure 6.7. Results from the measurement of the elastic modulus (K) calculated from venous 
occlusion plethysmography of the calf for both the left leg (A) and the right leg (B) for all 
groups (unilateral, bilateral, control and chronic) both pre and post the 10 week lower limb 
resistance training program (or control). Results are reported as mean ± SD. N (left leg) = 5 
(unilateral), 6 (bilateral), 8 (control), 6 (chronic), N (right leg) = 5 (unilateral), 6 (bilateral), 8 
(control), 6 (chronic).* = significant difference relative to the chronic group, p<0.05.  
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Figure 6.8. The distribution of each individual value for the elastic modulus (K) calculated 
from venous occlusion plethysmography of the calf for both the left leg (A) and the right leg 
(B) for all groups (unilateral, bilateral, control and chronic) prior to the 10 week lower limb 
resistance training program (or control). N (left leg) = 5 (unilateral), 6 (bilateral), 8 (control), 
6 (chronic), N (right leg) = 5 (unilateral), 6 (bilateral), 8 (control), 6 (chronic). 
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6.4 Discussion 
This study tested the hypothesis that lower limb resistance training could improve the 
cardiovascular responses to orthostatic stress by increasing muscle size and strength, which 
should cause an increase in venous return. However results of the present study demonstrated 
that the resistance training protocol used in this study did not alter the initial cardiovascular 
responses (first 30s) to either the HUT or the SST. The initial part of the orthostatic response 
was chosen as this is the most dynamic part of the orthostatic response and if cardiovascular 
function is not adequately regulated during the initial phase of orthostasis, syncope can ensue. 
When comparing the responses of the chronic group to those of the other groups there appears 
to be a decreased response to orthostatic stress.  
Most research investigating the effects of resistance training on orthostatic tolerance has 
assessed orthostatic responses using LBNP (90, 115, 128, 187), which has a different 
physiological mechanism of action compared to other orthostatic challenges (see Chapter 2) 
and the results of these studies have been equivocal as to whether orthostatic tolerance is 
improved. 
It was suggested by Lightfoot et al., 1994 (115) that whole body resistance training would 
cause greater increases in orthostatic tolerance than lower limb training only, however 
subjects in the chronic group in the present study were also engaged in whole body resistance 
training and have exhibited a trend towards a decrease in response. 
There were two main reasons why a total body resistance training protocol was not used for 
the two acute groups in the present study. Firstly we were primarily interested in comparing 
the different resistance training protocols and their effect on cardiovascular function and 
whole body unilateral resistance training is logistically difficult. Secondly, a large number of 
the effects (and physiological countermeasures) of orthostatic stress are centred around the 
vasculature and muscles of the lower limbs where blood is pooled. As mentioned in Chapter 2 
the main role of the CVS during orthostasis is to promote venous return and maintain cerebral 
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perfusion. The calf muscle pump is a major contributor to improving venous return (125), in 
addition to lower limb vasoconstriction (169) and thus it was felt that a resistance training 
protocol that aimed to increase the muscle pump strength and size would be more 
advantageous to improving the response to orthostasis (181). However this proved to not be 
the case. 
Both the unilateral and bilateral groups demonstrated significant increases in 1RM and the 
training weights (see Table 6.4 and Table 6.5). There were however no significant differences 
in the 1RM or the change in training weights between groups. The purpose of having two 
different training protocols was to investigate the effect of the differences in BP increases 
during training on cardiovascular function. It was assumed that the training protocols would 
be very similar in other respects, such as strength increases, and that the BP differences would 
be the main contrast between the groups. Results indicated that both groups increased the 
training weights for both the leg press and toe press by similar amounts, despite the bilateral 
group training at significantly greater loads, thus affirming our assumption. 
The resistance training protocol did not cause any alterations in the lean mass of subjects. As 
previously mentioned in Chapter 2, lean mass is considered to be an indicator of muscle mass 
in the legs due to the absence of organs, however lean mass also contains skin, connective 
tissue and blood vessels (199). For the purposes of this study it was assumed that these other 
components of lean mass would be constant. There were no significant increases in lean mass 
in any ROI between pre and post scans for the either of the two acute training groups. As 
expected the chronic group had a significantly greater lean mass than the other groups, 
however this was only observed for the ROI’s in the thigh. One would expect that the chronic 
group would have greater calf lean mass as well, however this was not the case. This could 
potentially be due to the fact that the calf muscle exercises are typically neglected in favour of 
exercises that increase thigh mass, particularly in body builders. It is interesting to note that 
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the control group lost lean mass in the right calf. This is not surprising, as subjects in the 
control group were instructed not to perform any weight training during the 10 week period 
and thus there may have been a tendency for this group to actually perform less exercise than 
they would normally. 
It would seem somewhat of a paradox that subjects who underwent 10 weeks of resistance 
training would not experience a significant amount of muscle hypertrophy, especially since 
significant increases in strength were observed. This suggests that the resistance training 
protocol used in the present study elicited a significant amount of neural adaptation in the 
absence of hypertrophy (130, 163, 193). 
It has been shown that neural adaptation to resistance training can occur very quickly (2, 178). 
The training response enables the neural input to the muscle to “learn” to excite the muscle in 
such a manner to generate maximum force (130) which appears to be the predominant 
mechanism responsible for the adaptations to resistance training observed in the present 
study. Thus results of this study indicate that resistance training that causes only neural 
adaptations and not muscle hypertrophy is insufficient to cause changes in the cardiovascular 
response to orthostasis. 
Buckey et al., 1988 (20) suggested that the skeletal muscle surrounding the veins in the leg, 
play an important role in vascular compliance. In addition Convertino et al., 1989 (40) 
suggested that compliance of limb veins is affected by mechanical compression of the veins 
by the surrounding muscle. Results of the 1RM tests in the present study show that the 
muscles are able to generate a greater amount of force, however as the muscle is not 
increasing in size, the increased force of the contraction may not be sufficient to cause a 
greater compression of the vessels and therefore increase venous return. 
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In response to orthostasis all groups demonstrated the standard, well-documented response to 
both HUT and SST (Chapter 2, 3, and 4). BP significantly decreased with tilting and HR 
significantly increased. However there were no significant changes in the cardiovascular 
responses observed following either the bilateral or unilateral resistance training program, 
with either the SST or the HUT. 
Head-up tilting is a passive process during which the leg muscles are not activated to aid in 
the promotion of venous return. Therefore any changes in the orthostatic response were 
assumed to be due solely to the effect of the baroreflexes acting on the vasculature and the 
effect of muscle mass compressing the blood vessels (20, 39, 40). The SST is described as an 
active orthostatic challenge in that the skeletal muscle pump is activated during this challenge 
(35, 156). Therefore a major contributor to the cardiovascular responses was the use of the 
skeletal muscle pump to promote venous return, in combination with the action of the 
baroreflexes (125). 
Measurement of ejection fractions demonstrated that there was no significant increase in calf 
muscle pump function with the resistance training protocol used in the present study. Based 
on the results of the 1RM test of the toe press, the calf muscles are significantly stronger, 
however the DEXA results indicate that the muscles in the calf did not hypertrophy. In 
addition, calf elasticity was assessed and there were also no significant changes within each 
group following the resistance training. Ultrasound analysis found no decreases in vein 
diameter. It was assumed that if the calf muscles compressed the vessel the diameter of the 
vein would decrease. No changes were observed with the resistance training, which is 
consistent with the absence of hypertrophy. 
The purpose of selecting two different resistance training protocols was to assess what effect 
each training protocol could have on the BP responses during training. The results of the BP 
measurements during a single bout of exercise were detailed in Chapter 5. It was hypothesised 
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that the bilateral training group would be exposed to much greater increases in BP during 
training and that the baroreflex may reset in response to these BP changes (67), potentially 
making the baroreflex more responsive to BP changes. Results demonstrated that despite 
significant differences in the degree of BP elevation between the two exercise protocols there 
was no effect on the BRS as measured by the VM. 
These results are supported by the findings of Cooke et al., 2005 (45) which used spectral 
analysis of changes in R-R interval to assess BRS changes following an 8 week whole body 
resistance training program and by Smith et al., 1988 (176) which used phenylephrine 
infusion to stimulate the baroreflex and compared the responses of chronically resistance 
trained to untrained individuals. Both studies demonstrated no change in BRS with resistance 
training. 
As mentioned in Chapter 3 the VM is a measure of integrated cardiac BRS, which is a global, 
somewhat non-specific index of baroreflex sensitivity. There may well have been changes in 
the cardiac-aortic, cardiac-carotid or cardiopulmonary baroreflex responses that are not 
revealed by the assessment of integrated BRS via the VM technique. This technique thus 
introduces some methodological limitations into this study, in terms of fully assessing 
baroreflex function. 
Combined, the above observations suggest that the resistance training protocols used in this 
study were insufficient to alter baroreflex sensitivity, calf muscle pump function, popliteal 
vein diameter and vascular compliance and therefore did not alter the cardiovascular response 
to either the SST or the HUT. 
Despite there being no significant difference in the absolute values of the cardiovascular 
variables between groups, there are a number of differences in the dynamic responses to the 
orthostatic challenges (evidenced by the deviation values) that lead to the belief that chronic 
resistance training may decrease the cardiovascular responses to orthostatic stress. 
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During the HUT the chronic group had a greater decrease in SBP relative to the bilateral 
group at HUTpre and the chronic group had a greater decrease in CO than the control group at 
HUTpost.  
In addition, there was a significantly greater decrease in SV in response to HUT in the chronic 
group relative to the other three groups. This may be due to differences in venous elasticity 
between the chronic group and the other groups. A decreased venous elasticity could cause a 
greater amount of venous pooling and therefore a decreased venous return compared to the 
other groups (160). An impairment in the SV response is not evident in the response of the 
chronic group to the SST, although SV still decreases in response to orthostasis,. However the 
decrease is not as pronounced as in the HUT. Therefore this suggests that the calf muscle 
pump in the chronic group is sufficient to counter the effects of the decreased elasticity when 
the muscles are active during the orthostatic challenge.  
There remains a significantly greater decrease in BP in the chronic group in response to the 
SST compared to the other groups. During squatting, blood flow to the lower limbs and lower 
splanchnic regions is occluded due to the contraction of the muscles associated with the squat 
(124). Upon standing both leg and splanchnic muscles contract in order for the subject to 
assume an upright position. This contraction causes a momentary increase in SV. As subjects 
in the chronic group have a greater muscle mass and strength this response would be more 
pronounced than in the untrained groups. This is evidenced by the increase in EF in the 
chronic group. 
After the subject is upright, reflex vasodilation in the lower limbs occurs and BP decreases 
(44, 124). Despite the stronger calf muscle pump in the chronic group (as evidenced by an 
increased EF), this decrease in BP was observed to be greater in the chronic group. Results of 
this study show that the chronic group had a significantly lower calf venous elastic modulus, 
especially in the right leg, which was the dominant leg in all subjects. Despite the greater EF 
measured in the chronic group this appears to be insufficient to prevent pooling once the 
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subject is upright and the muscles are no longer contracting. Results of the DEXA scan 
indicate that there was no significant difference in calf lean mass between the four groups. 
This would suggest that the chronic group would be more susceptible to venous pooling and 
thus this would explain the greater decrease in BP in this group relative to the other groups. In 
addition, as muscle size increases there is an increase in the vascularisation of the muscle, 
usually observed as an increase in capillary density (127) which may predispose the 
individual to greater pooling.  
There is little to no research investigating the effect of heavy resistance training on lower limb 
compliance, however this observed decrease in elasticity may possibly be due to the large 
amounts of blood volume that the vessels of the lower limbs are exposed to during heavy 
resistance training. In response to the large amount of blood volume in the lower extremities 
during exercise there may be vascular wall remodelling occurring or possibly a hysteresis 
effect that may cause the vessels to lose elasticity. As previously mentioned in Chapter 2, 
elasticity is defined as the ability of the vein to resist stretching; therefore a vein with a 
decreased elastic modulus will require less force to stretch it and is therefore more compliant 
(31).  
Despite the greater decrease in BP with the SST, the greater in EF in the chronic group 
suggests that the chronic group is able to produce eject greater amounts of blood with each 
muscle contraction. This group underwent training that is designed to cause both increases in 
muscle mass and strength which may explain the greater EF. 
This may be very useful to pilots who are performing the AGSM as stronger, trained muscles 
may be able to maintain BP at greater amounts during contraction and would be more 
resistance to fatigue, thus potentially allowing for improved +Gz tolerance. Also the response 
to orthostasis is decreased, the AGSM involves multiple contractions of the muscles, and if 
EF is improved then the response to the AGSM may be improved.  
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In conclusion the results of the present study indicate that the cardiovascular responses to 
orthostatic stress are unaffected by a 10 week lower limb resistance training protocol that 
brings about large increase in strength in the absence of muscle hypertrophy. This suggests 
that muscle hypertrophy may be an important factor in improving the initial response to 
orthostasis, which has been observed by other studies. However chronic, whole body heavy 
resistance training, such as that performed by competitive body builders may cause changes in 
lower limb vascular function that lead to a decreased orthostatic response within the first 30 
seconds. 
However, despite the greater decrease in BP with standing, there is evidence to suggest that 
chronically trained individuals may still be in a better position to perform the AGSM based on 
an increased EF associated with a calf muscle contraction. 
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7.1 Conclusions 
There has been little research investigating the short-term effects of repeated exposures to 
cardiovascular stress (13, 43, 164). The purpose of the investigations outlined in Chapters 3 & 
4 was to investigate the effects of multiple exposures to a gravitational challenge on a single 
day in an attempt to improve cardiovascular responses to orthostatic stress. The ‘real world’ 
application for this is two fold; is the response to an accelerative stress better at the end of a 
series of manoeuvres than before; can we use this knowledge to design a protocol to protect 
pilots against the adverse effects of high +Gz? 
Results of the study outlined in Chapter 3 demonstrated that repeated exposures to orthostatic 
stress cause an increase in peripheral vascular resistance which results in an increase in mean 
BP. This suggests that repeated bouts of orthostatic stress on a single day can cause a 
protective cardiovascular adaptation against the decrease in BP in response to orthostatic 
stress.  
In studies that have investigated multiple exposures to orthostatic stress (either LBNP or +Gz) 
the mechanism responsible for the improved cardiovascular response is usually a re-setting of 
the baroreflex that results in an increased cardiovascular responsiveness to subsequent 
exposures to +Gz (38). In the present study it appears that multiple exposures to orthostasis on 
a single day are not sufficient to alter BRS, as measured by the VM, and it is an increase in 
peripheral vascular resistance that increases BP.  
In combination with the changes in BRS a number of studies have demonstrated that G-
training is associated with an increase in venous tone (36, 38, 190). This finding is consistent 
with the findings of the present studies and demonstrates the vital role that the venous system 
plays in protecting against the adverse cardiovascular effects of +Gz.  
Following on from the above study, the study outlined in Chapter 4 tested the hypothesis that 
the repeated tilting protocol could be used as training tool to improve the cardiovascular 
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responses to a more aggressive orthostatic challenge, namely the SST. The results of the study 
demonstrated that the cardiovascular effects of repeated exposures to HUT can elicit an 
increase in the mean BP response to the SST. This suggests a possibility that repeated HUT 
can also improve the responses to high +Gz. Tripp et al., 2003 (191) demonstrated that those 
with larger amounts of blood pooling with the SST exhibited a lesser tolerance to high +Gz. 
This suggests that the SST may potentially be used as a predictor of G-tolerance; however this 
may require further investigation. 
Whilst tolerance was not measured in the studies outlined in Chapters 3 and 4, we 
investigated the initial cardiovascular responses to a repeated orthostatic challenge. These 
responses are indicative of how the CVS will cope with the onset of gravitational challenge, 
as a more responsive CVS will be better able to prevent an adverse reaction. If we can 
improve the initial cardiovascular responses to gravity, we may be able to delay the onset of 
these adverse reactions. 
Following on from the studies outlined in Chapter 3 & 4, the studies in Chapters 5 & 6 
investigated whether heavy, lower limb resistance training resulted in improved 
cardiovascular responses to orthostatic stress. It has been suggested that increasing the size of 
the muscles in the lower limbs will act to compress blood vessels and thereby decrease 
venous pooling (102). 
Based on the results of the studies outlined in the studies investigating repeated orthostatic 
challenges an increase in vascular resistance helps improve the initial BP responses to 
orthostatic stress. Therefore the studies outlined in Chapters 5 & 6 aimed to test the 
hypothesis that lower limb resistance training would affect the vasculature of the lower limbs 
in such a way to increase the response to two different orthostatic challenges. 
The study outlined in Chapter 5 was a preliminary study designed to investigate the effects of 
resistance exercise on BP during training. The BP responses of bilateral and unilateral 
resistance exercise were compared in a ‘real world’ setting, i.e., multiple sets at progressively 
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increasing loads. This study showed that bilateral training elicits significantly greater BP 
responses to resistance exercise. 
Most studies to date have used bilateral resistance training (either whole body or lower limb) 
as the stimulus to improve orthostatic responses. Results of the study outlined in Chapter 5 
indicated that unilateral and bilateral resistance training bring about different changes in BP 
during training. Thus one aim of the study outlined in Chapter 6 was to investigate whether 
these two protocols would bring about different cardiovascular responses to the orthostatic 
challenges based on the ability of the baroreflex to reset under conditions of large changes in 
BP. However, despite significantly larger increases in SBP in the bilateral group during 
training, this increase in BP was not sufficient to alter the integrated-cardiac BRS, as 
measured by the VM, and thus did not cause a difference in the response to orthostatic stress 
between these two groups. 
Many studies have investigated the effect of heavy resistance training on the responses to 
orthostatic stress. However these studies have produced varied results. Therefore we aimed to 
investigate this effect and attempted to elucidate the mechanism by which the CVS was 
changing.  
Results of the study outlined in Chapter 6 indicated that resistance training that causes only 
neural adaptations to the muscles, in the form of strength gains in the absence of muscle 
hypertrophy, is insufficient to alter the cardiovascular responses to orthostatic stress. 
However, with chronic heavy resistance training of greater than 4years, adaptations to the 
vasculature of the lower limbs occur, which may lead to a decreased orthostatic response. 
This study observed a negative effect of resistance training on vascular elasticity. The 
traditional view is that increased muscle mass would act to cause a decrease in venous 
stretching in response to orthostasis (102). However results of the present study demonstrated 
that chronically trained individuals may have a decrease in venous elasticity and therefore 
exhibit some venous insufficiency that may cause a predisposition to varicose veins and other 
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vascular problems. In addition this decrease in elasticity appears to result in the chronically 
resistance trained athletes to have a trend towards a decreased BP response to orthostatic 
stress. Future studies are required to investigate the effect of heavy resistance exercise on 
venous function to ascertain whether there is a need for closer vascular monitoring of this 
population. 
In conclusion the results of these studies combined demonstrate that vascular resistance plays 
an important role in the cardiovascular responses to orthostatic stress. In order to fully assess 
how these changes will affect the responses to high +Gz more research is clearly required. 
7.2 Limitations 
There have been suggestions that with most non-invasive research there are limitations in 
terms of the accuracy of measurement in comparison to more invasive, direct measurements 
(80). Chapter 2 outlines some of these issues in regard to IC and CO determination with the 
Modelflow model. Whilst these methods as not considered to be the ‘gold-standard’ for 
cardiovascular monitoring, it has been suggested that these methods are useful for predicting 
relative changes in cardiovascular function (107, 168). In addition non-invasive CV 
measurement is much more comfortable to the subject and reduces the possibility that 
alterations in CV function will occur due to the invasive procedure (80). 
In addition the VM is a non-invasive measure of total BRS, which does not differentiate 
between the roles of high and low pressure baroreceptors. Future studies investigating the 
effect of these two different resistance training protocols should look at the individual roles of 
the arterial and cardiopulmonary baroreceptors which may give a clearer indication as to how 
the large increases in BP during these types of exercise affect the baroreflexes. 
All of the studies outlined in this thesis had small sample sizes which did lead to some large 
variability in the data that prevented statistical significance from being achieved, especially in 
the study outlined in Chapter 4. Whilst power calculations were performed for all studies 
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achieving adequate numbers during recruitment was difficult despite our best efforts. In 
similar studies in the future it would be best to aim for a sample size of 15-20 individuals per 
group to maximise the power of the study. 
The above listed limitations are applicable to all the studies outlined in this thesis however 
there were some specific limitations to each study and these are outlined below. The 
limitations to the studies outlined in Chapters 3 & 4 will be combined as the protocols were 
essentially the same and the limitations to the studies outlined in Chapters 5 & 6 will be 
combined as they used the same subject pool. 
Limitations to acute studies: 
In the study outlined in Chapter 3, the major finding was a shift in the baseline blood pressure 
by the tenth tilt. Subjects in this study acted as their own controls, with HUT 1 being the 
‘control tilt’. There are some potential sources of error with this finding such as the possibility 
that participants needed to go to the bathroom or felt anxious being confined for an hour. To 
try and avoid some of these factors participants were asked to empty their bladder prior to the 
commencement of test and were constantly reassured during the trial, however this still may 
be a factor. However, the results of the study outlined in Chapter 4 demonstrated that this 
increase in baseline blood pressure is carried over to the performance of a different orthostatic 
challenge, which was performed, on average, 12 minutes after the completion of the final tilt. 
Twelve minutes should be sufficient time to allow for any blood pressure responses related to 
the confines of the harness to be eliminated and changes in baseline can be suggested to be 
due to an adaptive response of the CVS to the repeated tilting protocol.  
Limitations to chronic studies: 
In the study outlined in Chapter 6 a major drawback to this study was the absence of 
hypertrophy following ten weeks of resistance exercise. This was not expected as it has been 
shown in other studies that neural adaptations to resistance exercise occur with in the first 3-4 
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weeks (163) then muscles begin to hypertrophy. Participant motivation was a key problem in 
this study. The volunteers recruited were sedentary young males with no previous resistance 
training in their background. This leads to the possibility that although actively encouraged to 
increase the training loads as soon as comfortably possible, the volunteers in this study were 
not increasing their training loads to levels sufficient to induce hypertrophy. In addition there 
were two subjects in the training groups that were injured, in activities unrelated to the 
training protocol, which caused them to have to decrease their training loads in order to be 
able to continue in the study, this may also have contributed to the absence of hypertrophy. In 
addition to this, a healthy diet and adequate nutrition are required for individuals to gain 
muscle mass, there was no dietary intervention in this study and as the study population 
consisted on young undergraduate university students who have notoriously bad diets there is 
a possibility that this population was maintaining adequate nutrition to aid in the growth of 
muscle mass. 
Due to a number of issues associated with equipment and subject compliance not all subjects 
performed every test therefore subject numbers varied from test to test. These issues were 
usually associated with subject availability for testing and injuries that caused an inability to 
train with peak performance. These issues were unavoidable but subsequently decreased 
statistical power. 
In addition, subjects were required to perform a 1RM test prior to commencing the training 
program. This was for two main reasons, firstly to determine starting loads (which were 
performed at 80% of 1RM) and secondly, subjects were to perform 1RM tests at the end of 
the study as a measure of strength increases. The exercise equipment used for training had a 
limited capacity as to the amount of weight that could be placed on it. Most subjects were able 
to perform both the leg and toe press 1 RM tests both bilaterally and unilaterally at week 1 
within the capacity of the equipment, however in most cases subjects gained enough strength 
to exceed the amount of weight that the exercise equipment could handle. This meant that 
 156 
subjects could not perform the bilateral 1RM tests at week 10. Only 3 subjects from the 
unilateral group and one subject in the bilateral group performed the post-training bilateral 
1RM test. For future studies, assuming that the equipment had the same limitations a different 
measure of strength changes should be employed such as the use of dynamometer. 
7.3 Future directions 
The primary purpose of the studies outlined in this thesis was to assess the cardiovascular 
responsiveness to gravity. While this has a number of clinical applications for those who 
suffer from orthostatic intolerance and autonomic dysfunction, a practical application for the 
results of these studies is for those who are exposed to extremes in gravitational conditions 
such as astronauts and pilots of high performance aircraft. However a great deal of further 
research is required to assess this. 
It is believed that the G-warm up manoeuvre can improve the cardiovascular responses to 
subsequent exposures to acceleration. There are a number of possible aerobatic flight and 
centrifuge based studies that could extend our knowledge of the mechanisms underlying this 
manoeuvre and potentially improve short term G-tolerance in pilots. 
Whilst the effects of orthostatic challenges on the CVS provide us with an indication of how 
the CVS responds to gravity, to truly ascertain what will benefit pilots in high performance 
aircraft, future studies need to be performed in a high +Gz environment. In addition to this it 
would be useful to determine whether we can use this repeated tilting protocol as an 
inexpensive ground-based tool to improve +Gz tolerance. This would be of great benefit to 
those who wish to find an inexpensive alternative to high +Gz. While it may not be truly 
practical to ‘tilt train’ pilots prior to flight, this may be a useful tool for astronauts upon 
returning from long duration space flight to help counter the effects of cardiovascular 
deconditioning. 
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Before we can fully determine the benefits of this repeated tilting protocol a number of factors 
need to be considered such as, how long do the protective benefits of the repeated tilting last? 
Does the same number of tilts provide benefit at higher levels of +Gz acceleration, or are 
more tilts required? Will a different onset rate of tilt or different duration in the supine period 
alter the effects of the repeated tilting? Convertino et al., (36) suggested that rate of onset of 
acceleration may affect the training response. The same principles may be applied to acute 
adaptation in repetitive tilting, where changes in the speed of transition from supine to tilt to 
supine, the length of the supine period or the tilt period and the angle of tilt may alter the 
response. Clearly further research is warranted. 
As previously mentioned the effect of resistance training on the orthostatic response is subject 
to some controversy (90, 115, 128, 187). The type and duration of the resistance training 
protocol, and perhaps the orthostatic challenge used to assess the cardiovascular responses all 
appear to determine the outcome. Results of the present study suggest that strength gains via 
neural adaptations are not sufficient to alter orthostatic responses and thus muscle 
hypertrophy may be the key factor in improving the orthostatic response. Chronic resistance 
training (>4 years) may cause structural and muscle-specific adaptations that mitigate the 
cardiovascular responses to orthostatic stress, this warrants further investigation. 
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Appendix 1 Consent form 
Used for studies outlined in Chapters 3, 4, 5 and 6 
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HREC Form 2a 
RMIT HUMAN RESEARCH ETHICS COMMITTEE 
Prescribed Consent Form For Persons Participating In Research Projects Involving Tests and/or Medical 
Procedures and Interviews, Questionnaires or Disclosure of Personal Information 
 
FACULTY OF Life Sciences 
DEPARTMENT OF Exercise Sciences 
Name of participant:  
Project Title: The Effect of Strength Training on the Cardiovascular Responses 
to Orthostasis 
Name(s) of investigators:  (1) Narelle M Berry Phone: 99257670 
(2) Dr. B Polus Phone: 99257714 
(3) Dr. Anthony Shield Phone: 99253015 
 
 
1. I have received a statement explaining the tests/procedures and interview/questionnaire involved in this 
project. 
2. I consent to participate in the above project, the particulars of which - including details of tests or 
procedures and interviews or questionnaires - have been explained to me. 
3. I authorise the investigator or his or her assistant to use with me the tests or procedures and to interview 
me or administer a questionnaire referred to in 1 above. 
4. I acknowledge that: 
 
(a) Having read Plain Language Statement, I agree to the general purpose, methods and demands 
of the study. 
(b) The possible effects of the tests or procedures have been explained to me to my satisfaction. 
(c) I have been informed that I am free to withdraw from the project at any time and to withdraw 
any unprocessed data previously supplied (unless follow-up is needed for safety). 
(d) The project is for the purpose of research and/or teaching.  It may not be of direct benefit to me. 
(e) The privacy of the information I provide will be safeguarded.  However should information of a 
private nature need to be disclosed for moral, clinical or legal reasons, I will be given an 
opportunity to negotiate the terms of this disclosure. 
(f) The security of the research data is assured during and after completion of the study.  The data 
collected during the study may be published, and a report of the project outcomes will be 
provided to the primary investigator Any information which will identify me will not be used. 
 
Participant’s Consent 
 
 
Name:  Date:  
(Participant) 
 
 
Name:  Date:  
(Witness to signature) 
 
 
 
 
 
Any complaints about your participation in this project may be directed to the Secretary, RMIT Human Research Ethics Committee, 
University Secretariat, RMIT, GPO Box 2476V, Melbourne, 3001.  The telephone number is (03) 9925 1745.   
Details of the complaints procedure are available from the above address. 
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Appendix 2 Cardiovascular risk Questionnaire 
 
Used for studies outlined in Chapters 3 & 4 
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Risk Factor Assessment Questionnaire 
Name:………………………………………………Date:…………………. 
Address: 
…………………………………………………………………………………………………
………………………………………………………………………. 
Postcode………………. 
 
Age:………………(years) Sex: M/F…………… 
Weight:……………(kg)  Height:……………... 
 
Person To Contact In Case of Emergency 
 
Name:………………………………………… 
Relationship with you………………………… 
Address: 
…………………………………………………………………………………………………
………………………………………………………………………. 
Telephone: (work)……………………………(Home)………………………….. 
Fax: …………………….. 
 
Medical History: 
In the past have you had (tick No or Yes) 
 
    No Yes      No Yes 
Stroke    □ □ Congenital Heart Disease  □ □ 
Myocardial Infarction  □ □ Disease of Arteries/Veins  □ □ 
(heart attack) 
Angina Pectoris  □ □ Asthma    □ □ 
Heart Murmur   □ □ Other Lung Disease   □ □ 
Heart Rhythm Disturbance □ □ Epilepsy    □ □ 
Rheumatic Fever  □ □ Injuries to back, knees, ankles □ □ 
 
 
List any prescription medications being taken 
…………………………………………………………………………………………………
…………………………………………………………………………………………………... 
 
Other illness (Give details) 
…………………………………………………………………………………………………
…………………………………………………………………………………………………... 
 
Allergies:    Do you have any allergies   NO           □         Yes           □ 
 
If yes, give details: 
………………………………………………………………………………………………… 
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Symptoms During or after exercise 
 
As a result of exercise have you ever experienced any of the following: 
 
    No Yes      No Yes 
Pain or discomfort in the □ □ Palpitations (heart rhythm  □ □ 
chest, back, arm or jaw   disturbance or racing heart rate) 
 
Severe shortness of breath □ □ Pain in legs during mild  □ □ 
or problems with breathing   exertion 
during mild exertion 
 
Dizziness, nausea, fainting □ □ Severe heat exhaustion  □ □ 
      (i.e. heat stroke) 
 
Cardiovascular risk factors 
 
Do you have (tick no, yes or circle) No Yes Don’t know 
 
High Blood Pressure   □ □ ? 
High blood cholesterol/  □ □ ? 
triglycerides 
Smoking habit    □ □ ex-smoker Average per day………… 
Diabetes    □ □ ? 
Do you dink alcohol regularly □ □   Average per day………… 
 
Family Medical history 
Have members of your immediate family ever had any of the following conditions: (tick No, 
Yes or circle). If you answer Yes or ?, write beside this the member of the family affected 
(F=father, M=mother, B=brother, S=sister, GM=grandmother, GF=grandfather). 
 
 
 
    No Yes  Family  Age  Alive now? 
       Member (years)  (Y/N) 
Myocardial infarction  □ □ ? _______ _______ _______ 
Angina Pectoris  □ □ ? _______ _______ _______ 
Stroke    □ □ ? _______ _______ _______ 
High Blood Pressure  □ □ ? _______ _______ _______ 
High Blood Cholesterol □ □ ? _______ _______ _______ 
Diabetes   □ □ ? _______ _______ _______ 
Cancer    □ □ ? _______ _______ _______ 
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Personal Lifestyle 
A. Exercise. List the sports, exercise or physically active hobbies (eg gardening or walking 
the dog) that you are currently engaged in. 
 
Sport/Activity Day(s) of week eg. 
Mon/Wed/Sat etc. 
Time of the day eg. 
6pm 
Approx. duration eg 
30 minutes. 
    
    
    
 
B. Nutrition. List a typical day’s eating pattern 
 
Breakfast Lunch. Dinner Snacks. Drinks 
     
     
     
 
C. Rest/Recreation. 
How many hours sleep do you usually have? ……………..hours 
On average how much time do you spend each day on passive hobbies or just relaxing 
…………..minutes/hours. 
Do you feel you usually get enough restful sleep and time to relax?  Yes/No 
 
 
 
Declaration 
I declare that the above information is to my knowledge true and correct, and that I have not 
omitted any information requested on this form. 
 
Signed…………………………. 
Date……………………………. 
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Used for study outlined in Chapter 3 
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Title: Acute changes in baroreflex sensitivity with repetitive 
orthostatic stress 
Primary Investigator: Narelle Berry 
Phone: BH, (03) 9925 7670, AH, 0410 305 787  
Nature of Research: Masters by research requirement. 
Other Investigators: Dr. David Newman.  
Supervisor: Dr. David Newman 
Phone: (03) 9925 7576. 
Dear ................................ 
You are invited to participate in a study entitled “Acute changes in baroreflex sensitivity with 
repetitive orthostatic stress”, which will be conducted in the Aerospace Physiology (APL), 
RMIT University, Bundoora West. This study is part of my Masters project in the School of 
Medical Sciences, Faculty of Life Sciences. 
Background 
The baroreflexes are reflexes in the body that activate to maintain blood pressure at a constant 
level. When flying at high accelerations, pilots are exposed to gravitational forces (G forces). 
The baroreflexes are vital in allowing the pilot to be able to tolerate large amounts of G force. 
It is important that ways to improve tolerance to high G forces are found, as the higher the G 
force the greater the chance of a G-induced loss of consciousness (G-LOC) occurring. G-LOC 
occurs when blood flow to the brain is diminished. If G-LOC occurs during flight the results 
can be catastrophic. To attempt to offset these effects, pilots perform a G-warm-up maneuver, 
which essentially ‘warms-up’ the baroreflexes to be ready to experience high G-forces. 
This study aims to investigate using repetitive tilting, how we can affect the performance of 
the baroreflexes to find a physiological basis for pilots doing a G-warm-up prior to flight. 
How it works 
You will be part of a 20 person study. You will be required to come to the Aerospace 
Physiology Laboratory (APL) twice, once for a short orientation period of approximately 30 
minutes, then for the study which will take approximately 1 hr and 20 minutes. 
Base-line Testing 
You will be required to fill out medical risk questionnaires and attend the laboratory for 
preliminary testing prior to commencement of the study. Firstly you will be required to 
perform a VO2 max test. This involves riding an exercise bike, while the workload is 
increased, until you become exhausted. The purpose of this is to assess your fitness. You will 
be required to wear a nose plug and mouth-piece to record expired oxygen and a 
cardiovascular system measurement device. This is a non-invasive device by which 2 
adhesive dot electrodes are attached to your torso to record your heart rate. One dot electrode 
is placed behind your ear and 1 band electrode will be placed around the base of your neck 
and another around your torso. You will be required to have a light breakfast prior to arriving 
at the lab. Prior to completing the VO2 max test you will be required to fill out a risk 
assessment form to check your past medical history and your current activity level to ensure 
that you will be able to complete the test. A supervisor with first aid training will be present at 
all times during this test. After this test you may feel short of breath, dizzy and experience 
some muscle fatigue. 
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After the VO2 max test you will be rested in the laboratory for 30 mins in order to recover 
sufficiently prior to the second part of the orientation period. This second phase of the 
orientation period will involve exposure to the sensation of tilting. Once sufficiently rested 
from the VO2 max test, you will be strapped into the tilt table, which is fitted with a harness 
similar to a parachute harness. You will then be attached to the blood pressure monitor, this is 
a non-invasive technique using an inflatable finger cuff to collect data, and you will still be 
wearing all the electrodes from the VO2 max test. In addition you will have 3 adhesive 
electrodes attached to each leg to record information about your leg muscles during the test. 
You will then be rested lying on your back for 5 minutes. After the 5 minutes of rest you will 
be tilted, head up at an angle of +75° for a further 2 minutes, then released from the tilt table 
and allowed to leave the laboratory. 
Experimental phase. 
Approximately one week later you will be required to return to the laboratory for testing. 
Prior to arrival you will be required to have abstained from caffeine for 12 hours and food for 
4 hours. Upon arrival you will be attached to all the same electrodes you were attached to 
during orientation and strapped onto the tilt table. Once comfortable you will be required to 
rest for 10 minutes. After this data collection will commence, beginning with another 5 
minutes of quiet resting. After this, you will be tilted to an angle of +75°, head up for 2 
minutes, then returned to resting position for a further 5 minutes before being tilted again for 
2 minutes. This rest/tilt protocol will be followed for a total of ten tilts lasting a total of 1hour 
and 10 minutes. Prior to the first tilt and following the last tilt you will be required to perform 
3 Valsalva maneuvers. The Valsalva maneuver involves you breathing into a mouthpiece 
continuously for a period of 15 seconds, maintaining a constant pressure. Once this has 
concluded you will be rested for a further 10 minutes before being permitted to leave the 
laboratory. 
Tilt table 
The tilt table is a padded table on which you will lie. A harness is used to secure you to the 
table. You will be assisted onto and off the table, as well as into the harness. The table on 
which you lie is supported by a strong frame. The table pivots in the middle (roughly where 
your hips are located). When tilting is conducted a locking pin will be removed and you will 
be tilted upwards. The tilt time is approximately two seconds and you will remain in an 
upright position for 2 minutes. 
Things you may notice 
During the tilt, you may feel a little dizzy or faint. That is normal, and if it occurs it should 
pass quickly. There is a very slight risk of fainting in some people. If you feel that you are 
going to faint, or are uncomfortable with, or during any part of the experiment, you should 
immediately voice your concerns to the laboratory staff. First aid and resuscitation equipment 
will be available in the laboratory. If after the experiment you feel unwell you should 
immediately contact the principal investigator, Narelle Berry (0410305787). 
Photographs 
You may be photographed through the course of the trial. These photographs will be used for 
the purpose of demonstrating of experimental techniques. These photographs may be 
displayed in written reports and presentations. Photos will not show your face. 
Consent 
Your participation in this project is voluntary and you may withdraw consent to participate 
and discontinue participation at any time. You may also withdraw any unprocessed data 
previously supplied. 
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To ensure confidentiality, all subjects will be identified by gender and number only. All 
personal details will be kept securely with the principal investigator. Access to all data will be 
available only to the principal investigator, as evidence for publication and presentation of 
results to peers, other scientists and for teaching of students at RMIT University and other 
universities. The presentation and publication of results will not refer to any of your personal 
details except for age and gender. If desired, personal results can be presented and discussed 
further with you in confidence. Data will be stored for five years after publication. 
Should you require any further information do not hesitate to contact myself on 0410305787 
or Dr. Newman on 9925 7576 
I look forward to your participation in this study. 
Regards, 
Narelle Berry B.Sc., B.App.Sci. (Hons),                  Dr. David Newman M.B., B.S., D.Av.Med., PhD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Any complaints about your participation in this project may be directed to the Secretary, RMIT Human Research Ethics Committee, 
University Secretariat, RMIT, GPO Box 2476V, Melbourne, 3001 
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Title: Acute changes in baroreflex sensitivity with repetitive 
orthostatic stress 
Primary Investigator: Narelle Berry 
Phone: BH, (03) 9925 7670, AH, 0410 305 787  
Nature or Research: PhD requirement. 
Other Investigators: Dr. David Newman.  
Supervisor: Dr. David Newman 
Phone: (03) 9925 7576. 
Dear …………… 
You are invited to participate in a study entitled “Acute changes in baroreflex sensitivity with 
repetitive orthostatic stress”, which will be conducted in the Aerospace Physiology (APL), 
RMIT University, Bundoora West. This study is part of my PhD project in the School of 
Medical Sciences, Faculty of Life Sciences. 
Background 
The baroreflexes are reflexes in the body that activate to maintain blood pressure at a constant 
level. When flying at high accelerations, pilots are exposed to gravitational forces (G forces). 
The baroreflexes are vital in allowing the pilot to be able to tolerate large amounts of G force. 
It is important that ways to improve tolerance to high G forces are found, as the higher the G 
force the greater the chance of a G-induced loss of consciousness (G-LOC) occurring. G-LOC 
occurs when blood flow to the brain is diminished. If G-LOC occurs during flight the results 
can be catastrophic. To attempt to offset these effects, pilots perform a G-warm-up 
manoeuvre, which essentially ‘warms-up’ the baroreflexes to be ready to experience high G-
forces. 
This study aims to investigate using repetitive tilting, how we can affect the performance of 
the baroreflexes. To find a physiological basis for pilots doing a G-warm-up prior to flight, 
and from this we then plan to see if the adaptation that is observed will provide some benefit 
to cardiovascular responses to standing. 
How it works 
You will be part of a 20-person study. You will be required to come to the Aerospace 
Physiology Laboratory (APL) twice, once for a short orientation period of approximately 30 
minutes, then again for the actual testing day for a period of approximately 2.5 hours. You 
will be randomly allocated to either a testing or control group. 
Base-line Testing 
You will be required to fill out medical risk questionnaires and attend the laboratory for 
preliminary testing prior to commencement of the study. Firstly you will be required to 
perform a VO2 max test. This involves riding an exercise bike, while the workload is 
increased, until you become exhausted. The purpose of this is to assess your fitness. You will 
be required to wear a nose plug and mouth-piece to record expired oxygen and a heart rate 
monitor. This is a non-invasive device by which a band is placed around your torso to monitor 
your heart rate during the exercise. You will be required to have a light breakfast prior to 
arriving at the lab. Prior to completing the VO2 max test you will be required to fill out a risk 
assessment form to check your past medical history and your current activity level to ensure 
that you will be able to complete the test. A supervisor with first aid training will be present at 
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all times during this test. After this test you may feel short of breath, dizzy and experience 
some muscle fatigue. 
After the VO2 max test you will be rested in the laboratory for 30 mins in order to recover 
sufficiently prior to the second part of the orientation period. This second phase of the 
orientation period will involve exposure to the sensation of tilting. Once sufficiently rested 
from the VO2 max test, monitoring devices using a number of adhesive electrodes will be 
attached to you. 2 adhesive dot electrodes \ are attached to your torso to record your heart 
rate. One dot electrode is placed behind your ear and 1 band electrode will be placed around 
the base of your neck and another around your torso. Once this device is on you will be 
strapped into the tilt table, which is fitted with a harness similar to a parachute harness. You 
will then be attached to the blood pressure monitor; this is a non-invasive technique using an 
inflatable finger cuff to collect data. In addition you will have 3 adhesive electrodes attached 
to each leg to record information about your leg muscles during the test. You will then be 
rested lying on your back for 5 minutes. After the 5 minutes of rest you will be tilted, head up 
at an angle of +75° for a further 2 minutes, then released from the tilt table harness and 
allowed to leave the laboratory. 
Experimental phase. 
Approximately one week later we ask that you return to the laboratory for testing. Prior to 
arrival you will be required to have abstained from caffeine for 12 hours and food for 4 hours. 
Upon arrival you will be attached to all the same electrodes you were attached to during 
orientation. Once this has occurred you will be required to perform a squat-stand test, this 
involves you being in a squatting position for a period of 4 minutes, after the 4 minutes you 
will be asked to stand quietly for a further 2 minutes. During this procedure you may feel a 
little faint or dizzy. 
If allocated to the control group you will be required to sit quietly in the laboratory for a 
period of 1 hour and 10 minutes and after that perform another squat-stand test. We suggest 
that if you are in the control group that you bring along something to read as you will be 
asked not to move around or talk too much during this period. 
If you are allocated to the testing group, once you have recovered from the squat-stand test 
you will be strapped onto the tilt table. Once comfortable you will be required to rest for 10 
minutes. After this data collection will commence, beginning with another 5 minutes of quiet 
resting. After this, you will be tilted to an angle of +75°, head up for 2 minutes, then returned 
to resting position for a further 5 minutes before being tilted again for 2 minutes. This rest/tilt 
protocol will be followed for a total of ten tilts lasting a total of 1hour and 10 minutes. Once 
this has concluded you will be required to dismount the tilt table and again perform a squat-
stand test, following the same procedure as before. 
Once this has concluded you will be rested for a further 10 minutes before you leave the 
laboratory. 
Tilt table 
The tilt table is a padded table on which you will lie. A harness is used to secure you to the 
table. You will be assisted onto and off the table, as well as into the harness. The table on 
which you lie is supported by a strong frame. The table pivots in the middle (roughly where 
your hips are located). When tilting is conducted a locking pin will be removed and you will 
be tilted upwards. The tilt time is approximately two seconds and you will remain in an 
upright position for 2 minutes. 
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Things you may notice 
During the tilt and the squat-stand test, you may feel a little dizzy or faint. That is normal, and 
if it occurs it should pass quickly. There is a very slight risk of fainting in some people. If you 
feel that you are going to faint, or are uncomfortable with, or during any part of the 
experiment, you should tell laboratory staff immediately. First aid and resuscitation 
equipment will be available in the laboratory and the principal investigator holds a Level 1 
first aid certificate. If after the experiment you feel unwell you should immediately contact 
the principal investigator, Narelle Berry (0410305787). 
Photographs 
You may be photographed through the course of the trial. These photographs will be used for 
the purpose of demonstrating of experimental techniques. These photographs may be 
displayed in written reports and presentations. Photos will not show your face. 
Consent 
Your participation in this project is voluntary and you may withdraw consent to participate 
and discontinue participation at any time. You may also withdraw any unprocessed data 
previously supplied. 
To ensure confidentiality, all subjects will be identified by gender and number only. All 
personal details will be kept securely with the principal investigator. Access to all data will be 
available only to the principal investigator, as evidence for publication and presentation of 
results to peers, other scientists and for teaching of students at RMIT University and other 
universities. The presentation and publication of results will not refer to any of your personal 
details except for age and gender. If desired, personal results can be presented and discussed 
further with you in confidence. Data will be stored for five years after publication. 
Should you require any further information do not hesitate to contact me on 0410305787 or 
99257670. Or send me an email to e51601@ems.rmit.edu.au 
I look forward to your participation in this study. 
Regards, 
 
Narelle Berry B.Sc., B.App.Sci. (Hons),                  Dr. David Newman M.B., B.S., 
D.Av.Med., PhD 
 
 
 
 
 
 
Any complaints about your participation in this project may be directed to the Secretary, RMIT Human Research Ethics Committee, 
University Secretariat, RMIT, GPO Box 2476V, Melbourne, 3001 
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Used for studies outlined in Chapter 5 & 6 
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CARDIOVASCULAR RISK FACTOR QUESTIONNAIRE 
To be eligible to participate in the experiment you are required to complete the following 
questionnaire which is designed to assess the risk of you experiencing a harmful cardiovascular event 
during the course of the trial. A full and honest disclosure of your medical history is vital.  
 
Name:                                                                Date of Birth:     
Age:                  years Weight:               kg  Height:          cm  
 
Give a brief description of your average weekly activity pattern:  
             
            
           
Circle the appropriate responses for the following questions: 
1. Are you overweight?     Yes No Don’t Know 
2. Do you smoke?      Yes  No Don’t Know 
3. Does your family have a history of premature (<70 years) 
cardiovascular problems (eg. heart attack, stroke)? Yes No Don’t Know 
4. Are you asthmatic?     Yes No  Don’t Know 
5. Are you diabetic?     Yes No  Don’t Know 
6. Do you have high blood cholesterol levels?  Yes No  Don’t Know 
7. Do you have high blood pressure?   Yes No  Don’t Know 
8. Do you have low blood pressure?   Yes No  Don’t Know 
9. Do you have a heart murmur    Yes  No  Don’t Know 
10. Do you have, or have you ever had, any    Yes  No  Don’t Know 
blood-clots in any of your blood vessels  
(eg. deep-vein thrombosis)? 
11. Do you have, or have you ever had, any disease or  Yes  No  Don’t Know 
condition that resulted in reduced or slower than  
normal blood-clotting  
12. Do you have, or have you ever had, any tendency to Yes  No  Don’t Know 
bleed for long periods after cutting yourself? 
13. Do you have varicose veins?    Yes No Don’t know 
14. Are you currently using any medication   Yes  No 
 If so, what is the medication?         
15. Have you ever experienced any of the following during exertion (exercise or physical labour) 
or at rest? (Please circle). 
 a. Light headedness or dizziness   
 b. Pain in the chest, neck, jaw or arm 
 c. Numbness or pins-and-needles in any part of your body 
 d. Loss of consciousness 
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16. Do you think you have any medical complaint or any other reason which you  
 know of which you think may prevent you from participating in this trial?  Y / N 
If yes, please elaborate.           
   
I,                                                                       , believe that the answers to these questions are true and 
correct. 
 
Signed:                                                                       Date: _________________ 
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Used for studies outlined in Chapter 5 & 6 
and given to control and acute training groups 
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APL 
         Aerospace 
        Physiology 
       Laboratory 
Title: The Effect of Strength Training on the Cardiovascular 
Responses to Orthostasis 
Primary Investigator: Narelle Berry 
Phone: BH, (03) 9925 7670, AH, 0410 305 787  
Email: narelle.berry@rmit.edu.au 
Nature of Research: PhD requirement. 
Supervisors: Dr. Barbara Polus, Dr. Anthony Shield 
 Phone: (03) 9925 7714 (Dr. Polus) 
      (03) 99257337 (Dr. Shield) 
 
You are invited to participate in a study entitled “The Effect of Strength Training on the 
Cardiovascular Responses to Orthostasis”, which will be conducted in the Aerospace 
Physiology (APL), RMIT University, Bundoora West. This study is part of my PhD project in 
the School of Medical Sciences. 
Background 
When flying at high accelerations, pilots are exposed to gravitational forces (G-forces). An 
increase in these G forces can cause what is known as a G-Induced Loss of Consciousness (G-
LOC). It is important that ways to improve tolerance to high G-forces are found, as the higher 
the G force the greater the chance of a G-induced loss of consciousness (G-LOC) occurring. 
G-LOC occurs when blood flow to the brain is diminished. If G-LOC occurs during flight the 
results can be catastrophic.  
Orthostatic intolerance is a common condition within the general population, particularly the 
elderly. This condition arises when the cardiovascular system is unable to cope with blood 
pressure changes bought on by the effects of gravity acting on the body when an individual 
stands up. 
There has been some research conducted to suggest that pilots with increased muscle mass in 
their lower body have an improved tolerance to these G forces. There is still some controversy 
as to whether or not this is the case. 
This study aims to investigate using a squat-stand test and a head-up tilt, how increasing 
muscle mass can affect the cardiovascular responses to gravity. 
How it works 
You will be part of a 30-person study. You will be required to come to the Aerospace 
Physiology Laboratory (APL) on multiple occasions. On the first day you will be asked to 
complete a number of baseline tests. This should take approximately 1.5-2.5 hours to 
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complete. After the baseline testing you will be randomly assigned to a weight-training group 
or a control group. If assigned to a weight-training group, you will be required to attend the 
gym three times a week for 10 weeks. Each training session should take approximately one 
hour. If assigned to the control group you will be require to do no weight training for a 10 
week period and will not be required to come into the lab for the entire 10 weeks. 
After the 10 weeks training period both control and weight training groups will be required to 
come into the lab for a final test plus some post-training assessment. These tests will be 
conducted over two-three days, and should last between 1-3 hours per day. 
Base-line Testing 
You will be required to fill out medical risk questionnaires and attend the laboratory for 
preliminary testing prior to commencement of the study. It is important that you fill out these 
questionnaires to the best of your ability as you may expose yourself to unnecessary health 
risks by withholding health and medical information. You will be required to perform a 
number of tests in the following order over a period of two days. 
On one day you will be asked to perform: 
1. A Dual-Energy X-ray Absorbtiometry scan (DEXA scan). This is to establish your muscle 
mass in your legs. This procedure requires you to rest lying down for 20-minutes while 
low energy x-rays are passed through your body. A DEXA scan requires no exertion and 
is painless.  
This scan involves the use of ionising radiation. We are all exposed to low levels of 
ionising radiation every day, usually in the form of background radiation from the 
environment. DEXA machines use radiation, called ionising radiation, to create an image 
of the body. 
As with most medical procedures, there are some risks associated with exposure to 
ionising radiation. The risk associated with DEXA scans is very low, but the effects of 
ionising radiation are cumulative. Under recommendations made by the National Health 
& Medical Research Council a person who had this procedure 2000 times in one year 
would reach the maximum annual dose limit for people taking part in research. 
Participation in this study will involve exposure to 2µSv on two separate occasions. This 
dose is equivalent to the average dose received from background radiation in Melbourne 
over a period of half a day, or the average dose received from flying halfway between 
Melbourne and Sydney. 
It is important for this test that you consume a light breakfast before coming to the lab. 
2. A familiarisation Squat-Stand Test (SST). This is performed to familiarise you with the 
procedure and the recording devices you will be fitted with. You will be asked to assume 
a squatting position for a period of 4 minutes, at the 4-minute mark you will be asked to 
stand as quickly as possible and stand quietly for a further 2 minutes.  
3. In order to record cardiovascular parameters you will be fitted with a blood pressure 
monitor. This is a non-invasive technique using an inflatable finger cuff to collect data. 
Once fitted with the recording equipment the SST will be performed. 
4. A Head-Up Tilt. After a short rest period, you will be strapped into the tilt table, which is 
fitted with a harness similar to a parachute harness. You will then be attached to the blood 
pressure monitor, and the other monitoring device used during the Squat-Stand Test. In 
addition you will have 3 adhesive electrodes attached to each leg to record information 
about your leg muscles during the test. You will then be rested lying on your back for 5 
minutes. After the 5 minutes of rest you will be tilted, head up at an angle of +75° for a 
further 2 minutes 
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5. Three Valsalva Manoeuvres: The Valsalva manoeuvre involves you breathing into a 
mouthpiece continuously for a period of 15 seconds, maintaining a constant pressure. 
There will be a two-minute rest period between each manoeuvre. 
6. A VO2 max test. Prior to completing the VO2 max test you will be required to fill out a 
risk assessment form to check your past medical history and your current activity level to 
ensure that you will be able to complete the test. The VO2 max test involves riding an 
exercise bike, while the workload is progressively increased, until you become exhausted. 
The purpose of this is to assess your fitness. You will be required to wear a nose plug and 
mouth-piece to record expired oxygen and a heart rate monitor. This monitor is a non-
invasive device by which a band is placed around your torso to monitor your heart rate 
during the exercise. You will be required to have a light breakfast prior to arriving at the 
lab. A supervisor with first aid training will be present at all times during this test. After 
this test you may feel short of breath, dizzy and experience some muscle fatigue, typical 
of high intensity exercise. It is important for this test that you consume a light breakfast 
before coming to the lab. 
7. You will also be asked to undergo an ultrasound of your lower limbs. This is to assess the 
size of the blood vessels in your legs and the size of you calf muscles. A small probe will 
be passed over your calf muscle in order to produce an image of the muscle. This 
procedure is the same procedure that is used to scan pregnant women to view the foetus 
and to date there are no known hazards. 
8. You will also be asked to undergo a measure of calf muscle function. This will be 
performed by a Mercury-In-Silastic strain gauge and involves the use of a couple of fine 
silicon tubes, filled with mercury.  These are similar to a fine elastic band, and are placed 
gently and comfortably around your calf. You will be asked to step up onto your tiptoes a 
number of times while a number of non-invasive measurements are taken. In addition you 
will be asked to undergo a procedure to assess the compliance (stretchiness) of the veins 
in your calf. During this test you will be required to lie on your back with your leg 
elevated on a foam rubber block. The Mercury-In-Silastic strain gauge will be fitted to 
your calf and an inflatable cuff will be wrapped around your thigh. This cuff will be 
progressively inflated while measurement of the volume of your calf are taken. There 
maybe some discomfort associated with the cuff inflated at a high pressure as blood flow 
in your leg will be restricted at this pressure. You will not be exposed to this pressure for 
more than a few minutes as to minimise discomfort. 
Experimental phase. 
On the day prior to this day you will be required to fill out a diet diary. You will be asked to 
record all food and drink that you consume for the entire day prior to the experiments. On the 
day prior to the post-training testing you will asked to replicate this diet exactly. 
The experimental phase of this study will involve a number of tests to assess your 
cardiovascular system: 
On the evening prior to attending the laboratory for testing you will be required to drink a 
measured amount of fluid that we will provide you with. When you arrive at the laboratory 
you will be asked to provide a small urine sample so that we can assess your hydration state. 
After this test you will be required to perform three Valsalva Manoeuvres. This will follow 
the same protocol as the orientation session. 
After this you will be required to do the squat-stand test and the head-up tilt. This follows the 
same protocol as you did on the orientation session, however the order in which you do the 
head-up tilt and squat-stand test will be randomised. 
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If allocated into the control group you will be asked to fill out an exercise diary for 13 weeks 
and return to the lab 12 weeks after the experimental phase. When you return to the lab you 
will be required to perform all the baseline testing and the experimental phase again, this will 
again be two days worth of testing, one week apart. 
If allocated into the weight-training group you will be provided with an exercise program that 
you will be asked to perform in the laboratory three times per week for 10 weeks. This 
exercise program will involve weight lifting exercises designed to train your leg muscles. 
When you are not in the laboratory you will be asked to keep a record of all physical activity 
you perform outside of the study. We ask that you do no weight training other than what you 
do as part of the study. After the completion of the 10-week weight training session you will 
be required to perform all the baseline testing and the experimental phase again, this will 
again be two days worth of testing, one week apart. 
Things you may notice 
During the squat-stand test, you may feel a little dizzy or faint. That is normal, and if it occurs 
it should pass quickly. There is a very slight risk of fainting in some people. If you feel that 
you are going to faint, or are uncomfortable with, or during any part of the experiment, you 
should tell laboratory staff immediately. 
During the weight training sessions you may feel a small amount of muscle fatigue and 
muscle soreness. To try and prevent this you will be given a series of stretches to perform 
before and after each training session. 
First aid and resuscitation equipment will be available in the laboratory and the principal 
investigator holds a Level 1 first aid certificate. If after the experiment you feel unwell you 
should immediately contact the principal investigator, Narelle Berry (0410305787). 
Tilt table 
The tilt table is a padded table on which you will lie. A harness is used to secure you to the 
table. You will be assisted onto and off the table, as well as into the harness. A strong frame 
supports the table on which you lie. The table pivots in the middle (roughly where your hips 
are located). When tilting is conducted a locking pin will be removed and you will be tilted 
upwards. The tilt time is approximately two seconds and you will remain in an upright 
position for 2 minutes. 
Photographs 
You may be photographed through the course of the trial. These photographs will be used for 
the purpose of demonstrating of experimental techniques. These photographs may be 
displayed in written reports and presentations. Photos will not show your face. 
Consent 
Your participation in this project is voluntary and you may withdraw consent to participate 
and discontinue participation at any time. You may also withdraw any unprocessed data 
previously supplied. 
To ensure confidentiality, all subjects will be identified by number only. All personal details 
will be kept securely with the principal investigator. Access to all data will be available only 
to the principal investigator, as evidence for publication and presentation of results to peers, 
other scientists and for teaching of students at RMIT University and other universities. The 
presentation and publication of results will not refer to any of your personal details except for 
age and gender. 
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If desired, personal results can be presented and discussed further with you in confidence. 
Data will be stored for five years after publication. 
Summary 
In summary you will be asked complete the following tasks (all tasks will be performed 
twice; before and after weight training, unless otherwise stated): 
 
• Fill out a cardiovascular risk questionnaire 
• DEXA scan 
• Ultrasound of calf 
• Strain Gauge Plethysmography of calf 
• SST (three in total. One familiarisation, one before weight training and one after 12-
weeks of weight training) 
• VO2 max test 
• Head-up tilt (three in total. One familiarisation, one before weight training and one 
after 12-weeks of weight training) 
• Complete a diet and exercise diary 
 
Should you require any further information do not hesitate to contact myself on 0410305787 
or on my office line 99257670 or via email at narelle.berry@rmit.edu.au or Dr. Polus on 9925 
7714 or Dr Shield on 9925 7337 
I look forward to your participation in this study. 
Regards, 
 
Narelle Berry B.Sc., B.App.Sci. (Hons),             Barbara Polus BAppSc(Chiropractic), MSc, 
PhD 
 
 
Anthony Shield, BHMS (Hons), PhD 
 
 
 
 
 
Any complaints about your participation in this project may be directed to the Secretary, RMIT Human Research Ethics Committee, 
University Secretariat, RMIT, GPO Box 2476V, Melbourne, 3001 
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Appendix 7 Plain language statement 
 
Used for the study outlined in Chapter 6  
and given to chronic groups 
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APL 
         Aerospace 
        Physiology 
       Laboratory 
Title: The Effect of Strength Training on the Cardiovascular 
Responses to Orthostasis 
Primary Investigator: Narelle Berry 
Phone: BH, (03) 9925 7670, AH, 0410 305 787  
Email: narelle.berry@rmit.edu.au 
Nature of Research: PhD requirement. 
Supervisors: Dr. Barbara Polus, Dr. Anthony Shield 
 Phone: (03) 9925 7714 (Dr. Polus) 
      (03) 99257337 (Dr. Shield) 
You are invited to participate in a study entitled “The Effect of Strength Training on the 
Cardiovascular Responses to Orthostasis”, which will be conducted in the Aerospace 
Physiology (APL), RMIT University, Bundoora West. This study is part of my PhD project in 
the School of Medical Sciences. 
Background 
When flying at high accelerations, pilots are exposed to gravitational forces (G-forces). An 
increase in these G forces can cause what is known as a G-Induced Loss of Consciousness (G-
LOC). It is important that ways to improve tolerance to high G-forces are found, as the higher 
the G force the greater the chance of a G-induced loss of consciousness (G-LOC) occurring. 
G-LOC occurs when blood flow to the brain is diminished. If G-LOC occurs during flight the 
results can be catastrophic.  
Orthostatic intolerance is a common condition within the general population, particularly the 
elderly. This condition arises when the cardiovascular system is unable to cope with blood 
pressure changes bought on by the effects of gravity acting on the body when an individual 
stands up. 
There has been some research conducted to suggest that pilots with increased muscle mass in 
their lower body have an improved tolerance to these G forces. There is still some controversy 
as to whether or not this is the case. 
This study aims to investigate using a squat-stand test and a head-up tilt, how increasing 
muscle mass can affect the cardiovascular responses to gravity. 
How it works 
You will be part of a 30-person study. You will be required to come to the Aerospace 
Physiology Laboratory (APL) on multiple occasions (see protocol diagram). On average each 
day will take between 1-2.5 hours to complete. 
Base-line Testing 
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You will be required to fill out medical risk questionnaires and attend the laboratory for 
preliminary testing. It is important that you fill out these questionnaires to the best of your 
ability as you may expose yourself to unnecessary health risks by withholding health and 
medical information. You will be required to perform a number of tests in the following 
order: 
You will be required to fill out medical risk questionnaires and attend the laboratory for 
preliminary testing prior to commencement of the study. It is important that you fill out these 
questionnaires to the best of your ability as you may expose yourself to unnecessary health 
risks by withholding health and medical information. You will be asked to perform: 
1. A Dual-Energy X-ray Absorbtiometry scan (DEXA scan). This is to establish your muscle 
mass in your legs. This procedure requires you to rest lying down for 20-minutes while 
low energy x-rays are passed through your body. A DEXA scan requires no exertion and is 
painless.  
This scan involves the use of ionising radiation. We are all exposed to low levels of 
ionising radiation every day, usually in the form of background radiation from the 
environment. DEXA machines use radiation, called ionising radiation, to create an image 
of the body. 
As with most medical procedures, there are some risks associated with exposure to 
ionising radiation. The risk associated with DEXA scans is very low, but the effects of 
ionising radiation are cumulative. Under recommendations made by the National Health & 
Medical Research Council a person who had this procedure 2000 times in one year would 
reach the maximum annual dose limit for people taking part in research. 
Participation in this study will involve exposure to 2µSv on two separate occasions. This 
dose is equivalent to the average dose received from background radiation in Melbourne 
over a period of half a day, or the average dose received from flying halfway between 
Melbourne and Sydney. 
It is important for this test that you consume a light breakfast before coming to the lab. 
2. A familiarisation Squat-Stand Test (SST). This is performed to familiarise you with the 
procedure and the recording devices you will be fitted with. You will be asked to assume a 
squatting position for a period of 4 minutes, at the 4-minute mark you will be asked to 
stand as quickly as possible and stand quietly for a further 2 minutes.  
3. In order to record cardiovascular parameters you will be fitted with a blood pressure 
monitor. This is a non-invasive technique using an inflatable finger cuff to collect data. 
Once fitted with the recording equipment the SST will be performed. 
4. A Head-Up Tilt. After a short rest period, you will be strapped into the tilt table, which is 
fitted with a harness similar to a parachute harness. You will then be attached to the blood 
pressure monitor, and the other monitoring device used during the Squat-Stand Test. In 
addition you will have 3 adhesive electrodes attached to each leg to record information 
about your leg muscles during the test. You will then be rested lying on your back for 5 
minutes. After the 5 minutes of rest you will be tilted, head up at an angle of +75° for a 
further 2 minutes 
5. Three Valsalva Manoeuvres: The Valsalva manoeuvre involves you breathing into a 
mouthpiece continuously for a period of 15 seconds, maintaining a constant pressure. 
There will be a two-minute rest period between each manoeuvre. 
6. A VO2 max test. Prior to completing the VO2 max test you will be required to fill out a risk 
assessment form to check your past medical history and your current activity level to 
ensure that you will be able to complete the test. The VO2 max test involves riding an 
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exercise bike, while the workload is progressively increased, until you become exhausted. 
The purpose of this is to assess your fitness. You will be required to wear a nose plug and 
mouth-piece to record expired oxygen and a heart rate monitor. This monitor is a non-
invasive device by which a band is placed around your torso to monitor your heart rate 
during the exercise. You will be required to have a light breakfast prior to arriving at the 
lab. A supervisor with first aid training will be present at all times during this test. After 
this test you may feel short of breath, dizzy and experience some muscle fatigue, typical of 
high intensity exercise. It is important for this test that you consume a light breakfast 
before coming to the lab. 
7. You will also be asked to undergo an ultrasound of your lower limbs. This is to assess the 
size of the blood vessels in your legs and the size of you calf muscles. A small probe will 
be passed over your calf muscle in order to produce an image of the muscle. This 
procedure is the same procedure that is used to scan pregnant women to view the foetus 
and to date there are no known hazards. 
8. You will also be asked to undergo a measure of calf muscle function. This will be 
performed by a Mercury-In-Silastic strain gauge and involves the use of a couple of fine 
silicon tubes, filled with mercury. These are similar to a fine elastic band, and are placed 
gently and comfortably around your calf. You will be asked to step up onto your tiptoes a 
number of times while a number of non-invasive measurements are taken. In addition you 
will be asked to undergo a procedure to assess the compliance (stretchiness) of the veins in 
your calf. During this test you will be required to lie on your back with your leg elevated 
on a foam rubber block. The Mercury-In-Silastic strain gauge will be fitted to your calf 
and an inflatable cuff will be wrapped around your thigh. This cuff will be progressively 
inflated while measurement of the volume of your calf are taken. There maybe some 
discomfort associated with the cuff inflated at a high pressure as blood flow in your leg 
will be restricted at this pressure. You will not be exposed to this pressure for more than a 
few minutes as to minimise discomfort. 
Experimental phase. 
The experimental phase of this study will involve a number of tests to assess your 
cardiovascular system: 
On the evening prior to attending the laboratory for testing you will be required to drink a 
measured amount of fluid. When you arrive at the laboratory you will be asked to provide a 
small urine sample so that we can assess your hydration state. 
After this test you will be required to perform three Valsalva Manoeuvres. This will follow 
the same protocol as the orientation session. 
After this you will be required to do the squat-stand test and the head-up tilt. This follows the 
same protocol as you did on the orientation session, however the order in which you do the 
head-up tilt and squat-stand test will be randomised. 
Things you may notice 
During the squat-stand test, you may feel a little dizzy or faint. That is normal, and if it occurs 
it should pass quickly. There is a very slight risk of fainting in some people. If you feel that 
you are going to faint, or are uncomfortable with, or during any part of the experiment, you 
should tell laboratory staff immediately. 
First aid and resuscitation equipment will be available in the laboratory and the principal 
investigator holds a Level 1 first aid certificate. If after the experiment you feel unwell you 
should immediately contact the principal investigator, Narelle Berry (0410305787). 
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Tilt table 
The tilt table is a padded table on which you will lie. A harness is used to secure you to the 
table. You will be assisted onto and off the table, as well as into the harness. The table on 
which you lie is supported by a strong frame. The table pivots in the middle (roughly where 
your hips are located). When tilting is conducted a locking pin will be removed and you will 
be tilted upwards. The tilt time is approximately two seconds and you will remain in an 
upright position for 2 minutes. 
Photographs 
You may be photographed through the course of the trial. These photographs will be used for 
the purpose of demonstrating of experimental techniques. These photographs may be 
displayed in written reports and presentations. Photos will not show your face. 
Consent 
Your participation in this project is voluntary and you may withdraw consent to participate 
and discontinue participation at any time. You may also withdraw any unprocessed data 
previously supplied. 
To ensure confidentiality, all subjects will be identified by number only. All personal details 
will be kept securely with the principal investigator. Access to all data will be available only 
to the principal investigator, as evidence for publication and presentation of results to peers, 
other scientists and for teaching of students at RMIT University and other universities. The 
presentation and publication of results will not refer to any of your personal details except for 
age and gender. 
If desired, personal results can be presented and discussed further with you in confidence. 
Data will be stored for five years after publication. 
Summary 
In summary you will be asked complete the following tasks (all tasks will be performed once 
unless otherwise stated): 
 
• Complete Cardiovascular risk questionnaires 
• DEXA scan 
• Ultrasound of calf 
• Strain Gauge Plethysmography of calf 
• SST (two in total. One familiarisation, and one test) 
• VO2 max test  
• Head-up tilt (two in total. One familiarisation and one test) 
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Should you require any further information do not hesitate to contact myself on 0410305787 
or Dr. Polus on 9925 7714 or Dr Shield on 9925 7337 
I look forward to your participation in this study. 
Regards, 
Narelle Berry B.Sc., B.App.Sci. (Hons),             Barbara Polus BAppSc(Chiropractic), MSc, 
PhD 
 
 
Anthony Shield, BHMS (Hons), PhD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Any complaints about your participation in this project may be directed to the Secretary, RMIT Human Research Ethics Committee, 
University Secretariat, RMIT, GPO Box 2476V, Melbourne, 3001 
 
 209 
 
 
 
Appendix 8 Diet Diary 
 
Used for study outlined in Chapter 6  
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Diet Diary 
Please read the below instructions carefully 
• Please complete this diary on the day before you come in for the first testing day. 
• Be very specific, including the brand of all products consumed and the quantities. 
• On the day before the second testing day I ask that you attempt to replicate this diet as 
exactly as possible. 
• You only need to complete this diary once but keep a copy so that you can replicate 
the diet. 
• On the night before the test please make sure you do not consume alcohol or caffeine 
for 12 hours prior to your test time and do not eat or drink anything (except water) for 
four hours prior to your test time 
 
Below is an example of what you should write 
 
Meal Time of Day Content 
Breakfast 
7.30 am 
2 slices of Helgas 
multigrain bread 
2 teaspoons of flora 
margarine 
2 teaspoons of vegemite 
1 glass of spring valley 
orange juice 
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• Diet Diary 
 
 
 
Meal Time of Day Content 
Breakfast 
  
Lunch 
  
Dinner 
  
Snacks 
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Appendix 9 Exercise Diary 
 
Used for study outlined in Chapter 6  
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Exercise Diary 
Instructions for use: 
1. Please fill out all physical activity that you engage in each day. We ask that you refrain 
from all weight training other than what you do as part of the study. 
2. Include the duration of each exercise that you perform 
3. From the following scale please rate how you felt after your exercise bout 
4. Please write in the time of day that the exercise was performed 
 
 
 
 
 
 
 
 
Example: 
 
 Morning Afternoon Evening 
Monday 
10 am, 1 hour walk 
around the block 
Rating: 3 
4pm, 20 min cycle on 
exercise bike 
Rating:7 
 
 
0 2 3 4 6 7 8 9 10 5 1 
Little to no effort 
No sweating 
No increase in heart 
rate 
 
Moderate effort 
Mild sweating 
Moderately puffed 
Mild increase in heart rate 
High effort 
Profuse sweating 
Extremely puffed 
Highly elevated heart rate 
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Week Number: 0 (1 week prior to commencement of study) 
 
 Morning Afternoon Evening 
Monday    
Tuesday    
Wednesday    
Thursday    
Friday    
Saturday    
Sunday    
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Appendix 10 Reliability Studies 
 
Results of reliability testing for DEXA ROI placement and ultrasound 
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Reliability testing 
Prior to commencing data collection for the DEXA and ultrasound tests reliability analysis 
was performed to ensure that the operator of these devices was able to perform these tests 
with a high level of reproducibility. 
DEXA Reliability Study 
DEXA scanning of the total body has been established as a means of assessing body 
composition precisely and is not operator dependant (55). However, when positioning the 
ROI’s on the DEXA scan, it is important that the operator is able to reliably reproduce this 
positioning on repeated scans. In order to determine whether the ROI’s chosen for this study 
could be positioned accurately, a reliability analysis was performed. 
Fifteen scans were selected from a database of scans from previous studies conducted at the 
RMIT clinic. Identities of the individuals were removed to ensure confidentiality. In order to 
ensure that the scans of the subjects used for the reliability analysis were similar to that of the 
population used in the resistance training study, only the scans of young healthy males were 
selected, these scans were selected randomly from the database of male subjects. 
As outlined in Chapter 6, each leg was divided in half. As there were 15 subjects scanned, 
analysis was performed on each leg, giving a total of 30 legs for the reliability test. For the 
purposes of the reliability testing each ROI was analysed once on each of the 15 scans and 
then an independent individual deleted all ROI’s. After at least 7 days all 15 scans were 
analysed again. This was repeated until each scan was analysed 3 times. 
Measurements for BMD, % fat, fat mass and lean mass were generated by the DEXA scan. 
Reliability analysis was performed on each ROI, on each leg for all four of these variables. 
Data were analysed in SPSS (v.12) using the intraclass coefficient (ICC) and Chronbach’s α 
to assess the agreement between the values obtained. 
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The ICC is calculated using the variance estimates obtained using an ANOVA and reflects the 
degree of correspondence and agreement between the values (152). ICC takes into account 
both the differences between subjects and the variation with each subject across the three 
scans. As the same scans are used for each analysis the variation observed is due to operator 
error alone. As the ICC is a correlation, values range from 0-1.0. Values below that of 0.7 are 
considered to have poor-moderate reliability, values over 0.7 are considered to be reliable 
(152). 
Cronbach’s α is a measure of the internal consistency of the data. Internal consistency is a 
reflection of the correlation between the data (152). As with the ICC, a value for Cronbach’s 
α of over 0.7 is considered to be an indicator of good internal consistency. 
Results of the reliability test are reported in table below. 
 ICC 95% CI 
Chronbach’s 
α 
BMD 0. 987 0.977, 0.994 0.996 
% Fat 0.999 0.998, 0.999 1.000 
Fat mass 0.998 0.996, 0.999 0.999 
Thigh 
Lean mass 0.993 0.987, 0.996 0.998 
BMD 0.999 0.998, 0.999 1.000 
% Fat 0.947 0.906, 0.973 0.982 
Fat mass 0.831 0.717, 0.909 0.937 
Calf 
Lean mass 0.967 0.9413, 0.983 0.989 
 
Results of reliability analysis of DEXA ROI positioning. 
Results of this reliability test suggest that the operator positioning of the ROI’s is highly 
reliable and reproducible. 
The ICC values for all variables in each ROI are very high, in some cases, near identical. 
Based on the results of this analysis it can be concluded that the positioning of the ROI’s for 
the analysis of body composition in the present study exhibit good intra-rater reliability. 
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Therefore we are confident that analysis of the pre and post resistance training scans can be 
reliably compared. 
Ultrasound Reliability Study 
Ultrasound measures of blood vessel diameter are highly reproducible (5), however there is an 
element of operator error associated with performing these kind of scans due to the fact that 
varying amounts of pressure on the limb from the probe can cause the vessels to be 
compressed, thereby decreasing the diameter of the vessel. 
Therefore, in order to determine if measuring vein diameters using ultrasound can be reliably 
reproduced, a reliability analysis was performed. 
Five subjects were randomly selected to undergo ultrasound scanning for the diameter of the 
popliteal vein (following the same protocol as outlined earlier in this chapter). Each subject 
was scanned on each leg giving a total of 10 legs for the analysis. Each leg was scanned 3 
times. 
Data was analysed using SPSS (v.12) using the ICC and Chronbach’s α. Results of the 
reliability test are outlined in table below. 
 
ICC 95% CI Chronbach’s α 
Vein Diameter 
0.724 0.404, 0.914 0.887 
 
Results of reliability analysis of vein diameter measurements using ultrasound. 
Results of this reliability test suggest that the intra-rater reliability for measuring the diameter 
of the popliteal vein in healthy individuals is moderate-high. Based on these results it can be 
concluded that the analysis of vein diameter is reproducible and pre and post resistance 
training diameters can be reliably compared. 
